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1. 


[20 Marks] 
Each part of this question is worth two marks. Answers should be brief; point form is permitted. 


(a) Write the simplest possible expression that is equivalent to the expression 
I(x <= y kk y <= z) 


(b) What does it mean to declare a field as being private? 


(c) What two properties are common to a recursive description of any process? 


(d) Trace a binary search as it seeks the value 70 in the array called List shown below. To show your 
trace, print the value of the array elemenl examined at each stage of the search. 


rade [OTT [7[3[4][ 5] 617] 8] 9] WIN] My ia 


Hist [34 [39] 2] 45 [49 [53 sejer | 6] OO | 72 | 77 TRA | wo | 8S | 


(e) Suppose that an array initially contains the values {8, 4, 2, 7, 3}. If the array is to be sorted into 
ascending order using an insertion sort, show the contents of the array as it would appear after each 
of the first two passes of the insertion sort. 


(> 


(£) Use big oh notation to write expressions for the time complexity of 


selection sort: binary search: 


(g) Find the base 10 representation of 1AEi¢. 


(h) Write 58 as a base 3 numeral. 


(i) The diagram shows a binary tree. In what order would the nodes be visited by a pre-order traversal? 


J 


a = 


S D g 


(j) Draw the binary search tree that would be produced by inserting the values Jerry, Elaine, George, 
Cosmo, and Newman (in the given order) into an initially empty tree. (Assume that, the tree is to be 
maintained so that its entries are in dictionary order.) 


4) 


(15 Marks} 


Complete the definition of the method maxCount whose header is shown below. The method should return 
the number of local marima in the array List. A local maximum is defined to be either a single value or a 
sequence of equa] values greater than both the preceding and following values. For example, the sequence 
3,7.5,9,9,9,8,2,4 has two local maxima: 7 and 9. 


public static int maxCount (int[] list) 


(> 


(> 


[15 Marke] 


Complete the definition of the method delete so that it returms a string in which any occurrences of any 
characters in the string pattern that appear in the string source have been deleted. For example, if the 
string s had the value "Toronto", then, after the call 

s = delete(s,"to"); 
e would have the value "Trn". 


public static String delete (String source, String pattern) 


qn 


[15 Marks} 


Assume that we have an array, a. whose elements are of type int. Using recursion, complete the definition of 
the method butterflySearch to search for a specific integer key in the array. If the key exists, the method 
retums true; otherwise it returns false. 

The strategy of searching for the key is as follows: we first compare the first integer with the key, then 
compare the last integer, then the second, then the second last, and so on. We progress in this order until 
the key is found or all integers have been examined. In other words, for a list with n items, we use the 
following search sequence: 

afO}, afm-1}, afi}, aln-2), al2}, a[n-3], a(3], afn-4], a[4], afn-5], ... 


Hint: You may need to write a supplementary method for this purpose. Marks will not be given if you do 
not use recursion. 


public static boolean butterflySearch (int [] a, int key) 


6 


(> 


i) 


(E) 


0 


{15 Marks) 


Write the complete definition of class Circle. Within this class. define an inner class, Point. that contains 
the two-dimensional coordinates of a point (x,y), which are declared as instance fields of type double. In 
the Circle class, the centre of the circle is an object of the class Point, and the radius of the circle is 
represented as a field of type double. Both fields are private instance fields. Complete the definition of the 
inner class Point and the class Circle with the following methods. Give your answer on both this and the 
next page. 


Write a constructor of the class Point, taking two double parameters to initialize the coordinates of 
the point. 


Write a method distance of the class Point, taking an object of class Point as a parameter. This 
method should return a double value that shows the distance between the two points. 


Write a constructor of the class Circle, taking three double parameters to initialize a circle object. 
Write a double valued instance method area, that returns the area of its implicit Circle object. 
Write a class method selectSmaller that can be called by a statement such as 

c3 = Circle.selectSmaller(c1, c2); 

where c1, c2 and ¢3 are objects of type Circle. The method should make c3 represent the smaller of 
the circles represented by c1 and c2 (or c1 if c1 and c2 are the same size). 

Write a boolean valued instance method isInside that may be called by a statement such as 
boolean contained = cl.isInside(c2); 


The method should return true if ci is entirely inside c2 and return false otherwise. You may take 
advantage of the distance method that is already defined in the class Point. 


~) 


This page should be used for your answer to Question 5. 


[15 Marks} 


Suppose that linked lists are maintained using the class List and the inner class Node whose fields are shown 
below. 


class List 
{ 


private Node head; 


class Node 
{ 
iat info; 
Node link; 
} 
} 


Suppose further that all linked lists are maintained in non-decreasing order. Write an instance method 
simplify that deletes any duplicate items in a list. If, for example, before calling simplify, a list contains 
13 15 15 17 17 17 19 22 25 25 28 
then, after simplify has been called, the list should contain 
13 15 17 19 22 25 28 


i 


() 


7. 


[15 Marks] 


A priority queue is a queue in which each element has a priority. Two rules govem the removal of elements 
from a priority queue: 


è elements having the same priority are removed from the queue in the order in which they were added 
to the queue and 


è the removed element. will always have the highest priority of all the elements waiting in the queue. 


Write a class PQueue that implements a priority queue where each element stores a string and has a priority 
value in the range of 0 through 4 (inclusive), with 4 being the Aighest priority. Specifically, you must write 
methods to enqueue an clement, dequeue an element, and check if the queue is empty. You may also require 
a constructor. 

You may make use of the class Queue, which has the following ADT, in your solution: 


Class Queue 

{ 
public void enqueue (String s); 
public String dequeue (); 
public boolean isEmpty (); 

} 


10 


O) 


8. 


[15 Marks) 


A parse tree is a binary tree used to store an arithmetic expression to be evaluated. For example, 


represents the expression 3 + (4 +5) +42/2- 3. Write a method named evaluate() in the class parseTree 
to evaluate the expression stored in a parse tree (e.g. 45 for the parse tree shown above) assuming: 


1. each leaf node contains a String representing an integer (you can convert the string to an actual 
integer using int Integer.parseInt (String s)), and 


2. each internal node contains one of "+", ”-”, ”*? or ”/” and internal nodes always have two children, 
and 


3. you may declare additional methods if needed, and 


4. the class ParseTree is defined as 


class ParseTree 
{ 
class Node 
{ 
String data ; 
Node left ; 
Node Tight ; 
} 


private Node root ; 


} 


You may use this space and the top of the next page for your answer to this question. If your solution 
contains more than one method, indicate clearly the class to which cach method belongs. 


11 


> 


9. 


This space can be used for your answer to Question 8. 


[5 Marks} 


Shown below is a tree where the nodes have not yet been labelled. A post order traversal of this tree gives 
the output 1 2 3 4 5 6 7 8 9. Label the tree nodes with the appropriate numbers. 


10. [10 Marks] 


A Trinary Tree is a tree in which each node can have 0, 1, 2 or 3 children. Complete the method 
printPostOrder below so that it prints a postorder traversal of the elernents stored in a trinary tree defined 
by class Trinary. If your solution contains more than one method, indicate clearly the class to which each 


O 


O 


method belongs. 


class Trinary 
{ 
class Node 
{ 
int data : 
Node left ; 
Node middle ; 
Node right ; 
} 


private Node root ; 


public void printPostOrder() 


13 
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l. 


(20 Marks} 
Each part of this question is worth two marks. Answers should be brief: point form is permitted. 


(a) Given that x is of type double. write a statement that will round x to one decimal place. 


(b) Simplify the expression ! (x != y && x != z) as much as possible. 


(c) Rewrite the following fragment using a for statement. 


i--; 
System.out.println(i*i); 
} 
while (i > 0); 


(d) Suppose that an array that initially contains the values {5, 4, 7, 2, 3} is to be sorted into ascending 
order using a selection sort. Show the contents of the array as it would appear after each of the first 
two passes of the selection sort. 


(e) Shown below is a Java method for adding matrices. Give a big-Oh estimate for the task of executing 
this method, assuming the matrices are square with 2 rows and n cohunns. 


public static double{)(] sum (double[][] a, doublef{}{) b) 
{ 
double [} [] 


a 
1 


new double[a. length] [a{0].length]; 


I 
O 


for (int i ; 1 < a.length; i++) 
for (int j = 0; j x al0j.iength; j++) 
cli] (3) = ali) fj) + bli][j]; 


return c; 


} 


(f) Suppose that a method that is known to have time complexity O(n?) requires 20 time units to process 
a list of size 500. Estimate the time that would be required by the method to process a similar list of 
size 2000. 


(g) What is a stack? 


(h) The diagram shows a binary tree. State the order in which the nodes of the tree would be visited by 
a postorder traversal. 


N 
1} 
a 


(i) The diagram below shows a binary search tree containing the elements 


1.7, and 9. Draw diagrams to 
show all other possible binary search trees containing these values. 


7 
/\ 
4 9 


(j) Find the base 10 representation of 2B9;>. 


Gs 


2, {10 Marks} 
Suppose that we want to create a class TempWorker in which each object has the following fields: 


private String name, 
private boolean experienced; 
private int wpn; 


The field experienced is true if and only if the worker is experienced with computers while the field wpn is 
the worker’s typing speed in words per minute. 


(a) Write an appropriate constructor with three parameters. 


(b) Write an equals method for the class. Two TempWorker objects should be considered to be equal if 
(1) they are both experienced with computers or (2) neither one is experienced with computers and 
their typing speeds differ by less than five words per minute. 


(c) Write a toString method for the class. As an example, for a worker named George who has experience 
with computers and types at a rate of 55 wpin, the method should return: 
"George - experienced (yes) - 55 wpm" 
If the worker is not experienced with computers, the word no should appear inside the parentheses. 


(15 Marks: 
Consider the following method: 


public static int mystery (int(] list, int start, int finish) 
{ 
int result; 
System.out.println("Range: " + start + " " + finish); 
if (start == finish) 
result = list[start]; 
else 
{ 
int middle = (start + finish)/2; 
result = Math.max(mystery(list,start middle) ,mystery(list ,middle+1,finish)): 
} 
System.out.println("Result: " + result); 
return result; 


} 
What would be printed by execution of the following statements? 


int[] a = {5,7,9,2}; 
Systom.out.println(mystery(a,0,3)); 


(5 Marks} 


Assume that we have an array, a, whose elements are of type int. Complete the definition of the method 
duplicateSearch to search for a specific integer key in the array. Rather than simply searching for the 
location of the key, we wish to know if there exist duplicates of the key in the array. If exactly two copies of 
the same integer key exist, the method returns true: otherwise it returns false. 

For example, if we perform duplicateSearch for the key 5 in an array {5, 4, 2, 1, 5, 1, 1}, the method 
returns true. If we perform duplicateSearch for the key 4, 6 or 1 with the same array, the method returns 
false. 


public static boolean duplicateSearch(int(] a, int key) 


G 


as 


[10 Marks} 


Using recursion, complete the definition of the quickSert method, sorting an array of integers (type int) 
in increasing order using quicksort. When choosing the pivot in each pass, randomly choose an item among 
items to be processed in that pass. In your solution, you may assume the existence of a method partition 
with header 
public static int partition (int[] list, int low, int high) 

The partition method rearranges the elements of the sub-array of list from index low to index high so 
that the element, xz, that was at list [low] is now in a position so that all elements preceding it are less 
than or equal to x and all elements following are greater than z. The value returned by partition is the 
index of z after the partition has been performed. 


public static void quickSort(int[] list) 


=] 


(115 Marks) 
Suppose that linked lists are represented in the usual way seen in class with List objects containing a field: 
private Node head; 
and Node objects containing fields: 
int info; 
Node link; 
Assuming that lists are maintained so that their int fields are in increasing order with no repetitions. 
complete the definition of the method intersectSun so that it returns the sum of the info fields of the 
elements that appear in both the implicit List object and the list referred to by other. As an example, if 
the implicit List object contains 3 4 6 7 and the list referred to by other contains 1 3 6 8, then the method 
should return the value 9 (because the lists contain the common elements 3 and 6). 


public int intersectSum (List other) 


=) 


(15 Marksj 


Two strings are said to be anagrams of one another if they contain the same characters in a (possibly) 
different order. For example, "the morse code” is an anagram of “here come dots", and "elvis" is an 
anagram of "lives". Complete the definition of the method isAnagram that returns true if and only if its 
two String parameters are anagrams of one another. 


public static boolean isAnagram (String s1, String s2) 


i15 Marks] 


Sometimes it is necessary to perform arithmetic on integers larger than thase that can be represented by 

Java's long data type. One way to do this for positive integers is to store them in arrays with one digit stored 

in each element (with the most significant digit stored in the first array clement and the least significant digit 

stored in the last array element). For example, the number 152 could be stored in the array x by writing 
int [] x = {1,5,2}; 


Complete the definition of a method named addBig that takes two int arrays as parameters and “adds” 
them, returning an array that contains the sum of the numbers stored in the input arrays. 

Note: Your solution may return an array with a single leading ‘0’. You may assume that the elements of the 
input arrays are all single digits and that the input arrays have no leading zeros. 


public static int [] addBig(int [] m, int [J n) 


10 


ce 


(15 Marks] 


Assuming that binary trees are implemented as they were in class, complete the definition of the method 
countVals for the Tree class that returns the number of occurrences of key in a binary tree that stores 
integers in each node. If your answer requires more than one method, indicate clearly the class to which 
each method belongs. 


public int countVals(int key) 


ll 


10. 


{15 Marks] 
We can call a binary tree “perfectly balanced” if. for every node in the tree, the node's left and right subtree 
have the same height. Write a method that returns true if a binary tree is perfectly balanced, and false 
otherwise. In your solution, you should not worry about the definition of the height of a subtree. Instead, 
you should simply assume the existence of a method height with header 

static int height (Node n) 
that returns the height of a subtree with root n. If your answer requires more than one method, indicate 
clearly the class to which each method belongs. 
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Ll 


(20 Marks] 


Each part of this question is worth two marks. 


(a) Given that x is of type double and n is of type int, write an expression that would assign to n 
the value of x, rounded to the nearest integer. 


(b) Write a statement that will assign to the int variable guess a random value in the range 
1 < guess < 10. 


(c) How many asterisks will be printed by the following fragment? 
for (int i = 3; i > -5; i--); 
System.out.println(’**’); 


(d) What is the difference between a class and an object? 


(e) Trace a binary search as it seeks the value 60 in the array called list shown below. To show 
your trace, print the value of the array clement examined at each stage of the search. 


9 | 10 [11 | 12] 13] 44 
55 | 61 | 66 | 73 [75 | 84 


(f£) Suppose that an array initially contains the values {S, 4, 1, 6, 2}. If the array is to be sorted 
into ascending order using selection sort, show the contents of the array as it would appear after 
each of the first two passes of the sort. 


(g) What is the difference between a field that is declared to be public and a field that is declared 
to be private? 


(h) What is a stack? 


(i) Evaluate the postfix expression: 25 x 8 4+ 3+ - 


(j) Convert the expression (6 + 4) + (8 - 2 x 3) to prefix form. 


to 


{12 Marks] 
Ackermann's function, a(m,n) is defined for non-negative integers m and n as follows: 
n+l fm=0 
a(m,n) = ¢ afm- 1,1) ifm>Oandn=0 
a{m—.1,a(m,n—1)) otherwise 
1. Evaluate each expression. You must show your work for full credit. 


(a) a(0, 0) 


(b) a(1, 0) 


(c) a{1,1) 


(d) a(2,1) 


2. Complete the definition of the method whose header is show below so that it returns the valuc 
of Ackermann’s function. Assume that the values of m and n are valid. 


public static int a (int m, int n) 


3. 


(8 Marks] 
Suppose that we want a class Dog in which each dog has a name, a breed, and an age (in years). The 


fields of the class are 


private String name, 
private String breed; 
private int age; 


(a) Write an appropriate constructor with three parameters. 


(b) Write an equals method for the Dog class. Two Dog objects should be considered equal if the 
breeds are the same and the ages differ by one year or less. 


(c) Write a toString method for the class. As an example, for an object representing a three year 
old Samoyed named “Toby”, the method should return "Toby - Breed: Samoyed, Age: 3" 


or 


[20 Marks} 
Complete the definition of the method printStars whose heading is shown below. The method should 
print a pattern of asterisks and blanks that is height lines high and width spaces wide. The pattern 
should be similar to that on the flag of the United States. For example, the call 

printStars(5,9); 
should print a pattern like the following: 


* * k xx 
* kx OF 
* k kK * OK 
* k ke k 


* k KOK OK 


Notice that the first character on the first line should be an asterisk, not a blank. If either height or 
width are less than one, the method should print nothing. 


public static void printStars (int height, int width) 
{ 


[20 Marks] 

Complete the definition of the method compress so that it returns a modified version of its String 
parameter, s. The modified string should contain the first occurrence of each character in s but all 
repeated occurrences should be rernoved. For example, ifs = "Here is the sample string", then 
the method should return the string “Her isthampltng" 


public static String compress (String s) 


{ 


~ 


[20 Marks] 

Lacsap's Triangle is a triangular array of numbers in which each row starts and ends with the row 
number and cech interior value is the sum of the two values on either side of it in the preceding row. 
The following diagram shows the first five rows of Lacsap’s Triangle. 


1 
2 2 
3 4 3 
4 T 7 4 
5 11 14 il 5 


Write a method that has a single int parameter, n. The method should print the values in the first 
n rows of Lacsap’s Triangle. If n < 0, the method should print nothing. For simplicity, do not try to 
print the triangle in the symmetrical form shown here. 


[20 Marks] 
The nodes of a linked list contain points in the Cartesian plane, with each node in the list having the 
following fields: 


class Node 
{ 
char label; // a single letter such as ’A’, ’B’, etc. 
int x; // x-coordinate of point 
int y; // y-coordinate of point 
Node link; 
} 


The Node class is an inner class of the class List that has a single field called head, a reference to the 
first node in a list. 

You are to complete the definition of the method shortestSegment so that it returns the string 
containing the endpoints of the shortest line segment that can be formed using the points in a list. 
For example, if the points with labels ?B’ and ’E? are closest, the method should return either "BE" 
or "EB". You may assume that the distances between all pairs of points are different. Your method 
should not create any new data structure. 


public String shortestSegment () 


8. 


[20 Marks] 
Complete the definitions of the methods print whose headers are shown below. The methods should 
print the contents of a binary tree in parenthesized form as follows: 

(<left subtree>) <item> (<right subtree>) 
Here, <left subtree> is the contents of the left subtree printed in parenthesized form, <item> is the 
info field of the root, and <right subtree> 1s the contents of the right subtree printed in parenthesized 
form. An empty tree (or subtree) should produce no output. As an example, the tree 


would be printed as: ((4)2)1((5)3(6)) 


class Tree 


{ 


private Node root; 


public void print () 
{ 


} 
class Node 
{ 
int info; 
Node 1Child; 
Node rChild; 


void print () 


{ 
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l: 


[20 Marks] 
Each part of this question is worth two marks. 


(a) Evaluate (double) 5 / (6 % 4) 


(b) Write a statement that will assign to the int variable result a random value in the range 


1 < result < 6. 


(c) Simplify the expression ! (a <= 0 || b >= 0) as much as possible. 


(d) What do we mean when we say that a method is overloaded? 


(e) Trace a binary search as it seeks the value 52 in the array called list shown below. To show 
your trace, print the value of the array element examined at each stage of the search. 


fndex [0] 1[2[3]4[5]6[7][ 8] o oiee 
Cist [36 [a [44 [a7 [ar | 55 [60 | 65 [64 | 69 [74 | 79 [86 [88 [97 


— 
jeje} 
T 


Java requires that a main method must always be declared as static. Why? 


Suppose that an array initially contains the values {7,1,3,5,4}. If the array is to be sorted 
into ascending order using insertion sort, show the contents of the array after each of the first 
two passes of the sort. 


What two features are common to every recursive process? 
What is a queue? 


The diagram shows a binary tree. In what order would the nodes be visited by an inorder 


traversal? 
(A) 
(B) 
OQ © 


2. [10 Marks] 
The Tchebyshev polynomials can be defined as follows: 
i ifn=0 
Tale) =< g if a= i 
2 Taal) = Tna) Fasi 


(a) Find T(x) and 73(x) in simplified form. 


(b) Find the value of T,(2) by hand. 


(c) Complete the definition of a method tchebyshev whose header is shown here. The method 
should return the value of T,,(x). If n < 0, the method should return the value zero. 
public static double tchebyshev (int n, double x) 


[15 Marks] 
Suppose that points in the plane are represented by objects of a Point class with the following fields: 


private int x; 
private int y; 


The Point class also contains accessor methods getX and getY that return the values of x and y. 
Suppose also that line segments are represented by objects of the Segment class with the following 
fields: 


private Point p; 
private Point q; 


(a) Write a constructor method for the Segment class that could be called by the statement 
Segment s = new Segment (p1,p2); 
where pi and p2 are Point objects. The constructor would create a new Segment object with 
endpoints pi and p2. 


(b) Write an instance method length for the Segment class. The method should return, as a double, 
the length of a segment. 


(c) Write an instance method slope for the Segment class. The method should return, as a double, 
the slope of a segment. If the segment is vertical, the method should return NaN. 


(d) Write an equals method for the Segment class. Two segments should be considered equal if 
they have the same length and direction. 


[15 Marks] 

Write a method printDiamond with a single int parameter, n. The method should print a diamond 
pattern of asterisks whose height and width are both 2n — 1. For example, the call printDiamond (4) ; 
should produce the pattern shown below. If n < 1, the method should print nothing. 


* 
OK 
kk a kk 
kk kkk 
kkk k 
kkk 
* 


[15 Marks] 


Write a method familyFirst that has a single String parameter, s. The method should assume that 
s represents a name written as one or more given names followed by a family name, with each part 
separated by a single blank and no leading or trailing blanks. The method should return the name in 
the following order: family name followed by a comma and a blank followed by any given names in 
the original order, separated by single blanks. As examples, 

familyFirst("Jean Chretien") should return "Chretien, Jean" 

familyFirst("Pierre Elliot Trudeau") should return "Trudeau, Pierre Elliot" 


6. [15 Marks] 
Suppose that an array contains integers in the range 0 < i < 5. Complete definitions of methods that 
perform each of the following tasks. In your answer to each part, you may use the methods of previous 


parts. 


(a) Find and return the minimum value in the array. 


public static int minimum (int[] list) 


{ 


(b) Find and return the mean, the average of the values stored in the array. 


public static double mean (int[] list) 


{ 


(c) Create and return an array containing the number of occurrences of each value in the original 
array. For example, if the original array contained the values {0,3,5,1,0,1,1} then the method 
should return the following array: {2,3,0,1,0,1} 


public static int[] frequency (int[] list) 
{ 


(d) Compute and return the mode, a value that appears more frequently than any other. You may 
assume that the array contains only one mode. 


public static int mode (int[] list) 
+ 
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T. 


[15 Marks] 
Suppose that linked lists are maintained using the class List and the inner class Node whose fields 
are shown below. 


class List 


{ 


private Node head; 


class Node 
{ 
int info; 
Node link; 
i 
} 


Suppose further that all linked lists are maintained in non-decreasing order. Write an instance method 
simplify that deletes any duplicate items in a list. If, for example, before calling simplify, a list 
contains 

13 15 15 17 17 17 19 22 25 25 28 
then, after simplify has been called, the list should contain 

13 15 17 19 22 25 28 


1i 


8. [15 Marks] 
Organizing data in a binary search tree makes it easy to search for an item. It is still possible, however, 
to search for an item in a binary tree that is not organized as a binary search tree. Complete the 
definitions of the methods isInTree whose headers are shown below so that they return the value 
true if and only if item is in the binary tree. Your methods should not assume that the tree is a 
binary search tree. 


class Tree 


{ 


private Node root; 


public boolean isInTree (int item) 


{ 


} 

class Node 
int info; 
Node 1Child; 
Node rChild; 


boolean isInTree (int item) 


{ 
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[15 Marks] 


A polynomial of the form 
p(x) = ao + ayx + a22? +++» + aja? +--+» + ana” 


can be evaluated efficiently using a technique known as Horner’s rule. To use Horner’s rule, we rewrite 
and evaluate p(x) in the following form: 


p(z) = a9 +a x (a, +z Xx (ag +++ +r x (ai +- +r x (an)+*) +++) 


Complete the definition of the method horner with header 

public static double horner (double[] a, double x) 
so that it uses Horner’s method to evaluate a polynomial. The first parameter is an array of coefficients 
of the polynomial while the second parameter is the value of x at which the polynomial is to be 
evaluated. The method should use a recursive helper method with the header 

private static double horner (double[] a, double x, int i) 
The third parameter in the helper method is an index that you should use to keep track of your 
recursion. 
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1. [10 Marks] 


For each of the following questions there is only one correct answer. Circle your answer clearly. If we 
cannot understand what you wrote, you will not receive any credit (1 mark each): 


1. True or False: The declaration int[][][] c = new int[1][][] is valid. 
2. True or False: Like instance fields, class fields are initialized automatically. 


3. True or False: A class that includes at least one explicitly defined constructor and has 
all of its methods declared private can never be instantiated. 


4. True or False: A queue ADT is a LIFO ADT. 

5. True or False: Quicksort’s performance is always O(nlogn). 

6. True or False: Searching in an array always takes O(n) time. 

7. True or False: Quicksort is suitable for sorting arrays. 

8. True or False: It is always an error to access the null character, (char) 0. 
9. True or False: Storing a type int integer requires 32 bits. 


10. True or False: Assume int [] array has been properly initialized with n integers. 
Does the following Java code sort the elements of array in ascending 
order? 


for (int j = 0; j < n; j++) 
for (int k = 0; k < j; k++) 
for (int 1 = 0; 1 < j; l++) 
if (array[l] > array[1+1]) 


{ 
int temp = array[1]; 
array[l] = array[{1+1]; 
array[1+1] = temp; 

} 


2. [10 Marks] 


Each question has only one valid answer. Write clearly. If we cannot understand your answer, you will not 
receive any credit (2 marks each): 


1. Which code removes the third character from String s assuming that String s has more than 
three characters? 


(a) s = s.substring(3).substring(0, 2); 

(b) s = String.valueOf(s, 2); 

(c) s = s.substring(0, 2) + s.substring(3); 
(d) s = s.substring(0, 1) + s.substring(2); 


2. The worst-case time to search in a sorted singly-linked list with n items is 


(a) O(1) (b) O(log n) 
(c) O(n) (d) O(nlogn) 


3. The average time to search in an unsorted singly-linked list with n items is 


(a) O(1) (b) O(log x) 
(c) O(n) (d) O(nlogn) 


4. The average time to search in a sorted singly-linked list with n items is 


(a) O(1) (b) O(log n) 
(c) O(n) (d) O(nlogn) 


5. Which of the following code creates a non-rectangular two-dimensional ragged array? 


(a) int[][] a = new int[10][]; 
for, (int i = 1; i <= a.length; i ++) 
a[i] = new int[i]; 


(b) int[][] a = new int[1][]; 
for (int i = 1; i <= a.length; i ++) 
a[i-1] = new int[i]; 


(c) int{][{] a = new int[10][]; 
for (int i = 1; i < a.length; i ++) 
a[i] = new int[i+1]; 


(d) All of the above. 


3. 


[15 Marks] 
Each of the following three short questions is worth five marks. 


(a) Consider the following Java code to implement QuickSort using the Queue class taught in the lectures: 


public static void quickSort (int{] a) 
{ 

Queue q = new Queue(); 
q.enqueue(0); 
q-enqueuve(a.length - 1); 


while (!q.isEmpty()) 

{ 
int left = q.dequeue(); 
int right = q.dequeue(); 


// Partition it (method not shown) 
int mid = partition(a, left, right); 


if (left < mid - 1) 

{ 
q-enqueue (left) ; 
q.enqueue(mid - 1); 


if (mid + 1 < right) 
{ 
q.enqueue(mid + 1); 
q-enqueue (right); 
} 
} 
} 


Will the code still work if we make all the following changes? Explain in 1-2 lines to receive full credit. 
i) Change Queue q = new Queue() toStack q = new Stack(), 


ii) change all occurrences of enqueue ( ) to push(), and 


iii) change all occurrences of dequeue () to pop(). 


(b) Given the declaration 


String s = “Hello There"; 


evaluate each of the following expressions: 


(i) s.charAt (4) 

(ii) s.indexOf£(’e’) 
(iii) s. substring(6) 
(iv) s.equals ("Here") 


(v) s.substring(1,4) 


(c) Do the following base conversions. For full credit, you will need to show your work. 


\ 


` G) Convert 111113 to base 16 


(ii) Convert 012203 to base 10 


(iii) Convert 9510 to base 8 


(iv) Convert B1i¢ to base 8 


(v) Convert 1111, to base 3 


4. 


(a) (6 marks) Write a single line o 


[20 Marks] 


f Java code to delete a node in a linked list. Assume that variable 
reference and correctly refers (points) to the node before the node to 


current is defined as a Node 
and the node to be deleted exists. 


be deleted. Assume that the list is not empty, 


thod int sumOfDigits(int n) in Java that returns the sum 
of all the digits of n. For example, sumOfDigits(132) returns 6. Do not use loops, any helper 
methods and any Java String methods in your code. Your solution should be less than 10 lines of 
code, excluding lines containing just a brace bracket, to receive credit. 


(b) (7 marks) Implement a recursive me 


public static int sumOfDigits(int n) 


{ 


(c) (7 marks) Using string methods, write a recursive method that determines if a string is a palindrome 
(ie. the string is the same reversed as forward, e.g. evel” or “noon”). You may assume that the 
string passed to your method contains only lower-case letters. Your solution should be less than 8 
lines of code, excluding lines containing just a brace bracket, to receive credit. Do not use any helper 


methods. 


public static boolean isPalindrome(String s) 


{ 


[15 Marks] 


Assume the linked list List (see Java code below) contains integers in ascending order. The list may contain 
duplicates of the same integer. Write an instance method deleteAll(int x) to delete all occurrences of 
the value x from the list. Your solution must use the following strategy: 


e Identify the first node (if any) that contains x to remove (call it nodeA), then 
e find the first node down in the list from nodeA that does not contain x (call it nodeB), and 


e adjust the reference that points to nodeA so that it points to nodeB instead. 


Do not assume existence of other methods, so you must write the code for all methods you need. Your 
solution should be less than 18 lines of code, excluding lines containing just a brace bracket, to receive any 
credit. 


class List 


{ 


private class Node 


{ 
public int data ; 


public Node next ; 


Node head; 


public void deleteAll(int x) 
{ 


[10 Marks] 
Ackerman’s function is defined recursively on non-negative integers m and n as follows: 


a(m, n) = ntl ; if m == 0 
a(m, n) = a(m-1, 1) if m != 0, n == 0 
a(m, n) = a(m-1, a(m, n-1)) if m != 0, n != 0 


(a) (3 marks) Calculate the value of a(2, 2). Show your work. 


(b) (7 marks) Write a single recursive method in Java that computes Ackerman’s function. Do not use other 
methods or loops or you will receive no credit. Assume parameters m and n are always greater or equal to 
zero. Your solution should be less than 12 lines of code, excluding lines containing just a brace bracket, to 
receive credit. 


public static int myAckerman(int m, int n) 


{ 


[10 Marks] 


The algorithm outlined below sorts a set of n integers in the range [1. . .k]. The basic idea of this algorithm 
is to determine for each value x the number of elements less than x. This information can be used to place 
x directly into its correct position in the output array. For example, if there are 7 elements less than x, then 
x belongs in output position 8. 

In the Java code that follows, we assume that the input array with n integers is A[1..-n]. In other words, 
length(A)=nt1 and the first entry A[0] is not used. We also assume that the output array which will 
contain the sorted sequence is B[1...n]. Array of integers C[1... k] provides temporary storage during 
the operation of the algorithm. The numbers on the left of the statements indicate line program numbers 
and they are not part of the code. 


public static void countingSort(int[] A, int{] B, int k) 


0. int[] C = new int[k+1]; 

1. for(int i = 1; i <= k; it+) 

2. C{[i]=0; 

3. for(int j = 1; j <= A.length-1; j++) 

4. C{LA{3]] = C{A(j]] + 1; 

5. /* C[i] now contains the number of elements equal to i */ 
6. for(int i = 2; i <= k; i++) 

7. cti] = C{i] + Cli-1]; 

8. /* C[i] now contains the number of elements less than or equal to i */ 
9. for(int j = A.length-1; j >= 1; j--) 

10. 

11. B[C{A[j]]] = ALi]: 

12. CLA(3]] = CLA[j]] - 1; 

13. } 


Assume input array A[1...8] is as shown below, containing integers in the range [1...6]. Fill all 
applicable values in the boxes during the execution of the algorithm (a) after line 4; (b) after line 7; (c)/(d)/(e) 
after one /two/ three iteration(s) of the for loop in lines 9-13. 
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[20 Marks] 
In this question, you will implement a linked-list class to maintain a list of students. 


(a) (10 marks) First, create a class named Student. Each Student object will store first name, last name, 
and a student number represented by an long type integer. Provide accessor and mutator methods for 
each and a constructor that takes these three values as parameters. 


Additionally, write a compareTo( ) instance method that compares the students by lastName, then first- 
Name and then by student number (i.e., two students with the same last name would be compared accord- 
ing to their first names, and two students with identical first and last names would be compared according 
to their student number). The method should return -1 if the implicit student comes first, 0 if the two 
students compare equal and 1 otherwise. 


Finally, provide a toString ( ) instance method that returns a string containing the Student’s information 
in the format “lastname, firstname - studentNumber”. 


11 


Continue your solutions to Question 8(a) on this page. 
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(b) (10 marks) Create a class named StudentList that stores Student objects in a singly-linked list. 
You are to let Java provide the default constructor. You should define the following methods for the 
StudentList class: 


(i) (8 marks) An instance method addStudent that inserts anew Student object in the correct location 
to keep the list sorted in ascending order, according to the compareTo method previously defined in 
the Student class. : 


(ii) (2 marks) An instance method printList that prints the elements in the list, one element per line, 
using the toString method previously defined in the Student class. 


(iii) (2 marks) An instance method isEmpty that returns true is the list is empty, and false otherwise. 


(iv) (3 marks) An instance method findByStudentNumber, that takes a long type student number as 
parameter, and returns a String that represents the information of the student with the given student 
number. The String to be returned is formatted using the toString method previously defined in 
the Student class. If no Student object in the list has the desired number, then the method should 
return null. 


13 


Continue your solutions to Question 8(b) on this page. 
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Extra space Indicate clearly which question(s) you are answering on this page. 
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Extra space Indicate clearly which question(s) you are answering on this page. 
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Name 


Student Number —— sec login 


1. 


[10 Marks] 


Circle the correct answer for each of the following statements. Each correct answer is worth one mark. 
Each incorrect answer will result in a deduction of one mark. 


(a) True or False: 


(b) True or False: 


(c) True or False: 


(d) True or False: 


(e) True or False: 


(f) True or False: 


(g) True or False: 


(h) True or False: 


(i) True or False: 


(j) True or False: 


A char value is stored using 16 bits. 


In Java, the expression 5 < n < 2 will have the value false for any value of 
the int variable n. 


If we fail to write a toString method for a class, Java will provide one auto- 
matically. 


In Java, one cannot create an array of objects, only an array of references to 
objects. 


The declaration int {] list = new int[10]; automatically initializes the 
elements of list. 


Methods that have recursive calls are always slow. 


For a sequential search to work properly, the list must be sorted. 


Multiple constructors for an object can be created provided that they each 
have a different return type. 


Selection sort is always faster than bubble sort. 


Array indexes in Java must always start at zero. 


(20 Marks] 
Each part of this question is worth two marks. 


(a) Evaluate (int) 2.5 * 4% 3 


(b) Write a statement that will assign to the int variable x a random value in the set {5, 10, 15, 20}. 


(c) Write a Java expression whose value is sin 10°. 


(d) What is meant by the scope of an identifier? 


(e) Trace a binary search as it seeks the value 70 in the array called list shown below. To show 
your trace, print the value of the array element examined at each stage of the search. 


opeje se [7] 8] 9 [nmap 
aise [30 [35 [40 [48 | 56 | 58 | 63 [66] 67 | 77 | 80 | €2 | 84 | 89] 90 


(f) Suppose that an array initially contains the values {8,2,6,9,5}. If the array is to be sorted 
into ascending order using insertion sort, show the contents of the array after each of the first 
two passes of the sort. 


(g) Suppose that an array initially contains the values {5,7,3,2,4}. If the array is to be sorted 
into ascending order using selection sort, show the contents of the array after each of the first 
two passes of the sort. 


(h 


Næ” 


Suppose that an array initially contains the values {15,23,14,19,11,28,12}. If the array is 
to be sorted into ascending order using quicksort as discussed in class, show the contents of the 
array after the first pass of the sort. 


(i) What is the primary difference between an instance field and a class field? 


(j) The diagram shows a binary tree. In what order would the nodes be visited by a postorder 
traversal? 


(15 Marks] 


Complete the definition of the method natLog that computes the value of In z without using the log 
method from the Math class. Instead, the method should use the following power series: 


The formuia is valid for 0 < z < 2. If z is outside this range, your method should print the message: 
argument out of range and return the value zero. In computing the value of Inz for valid values 
of x, your method should continue to add terms of the power series until it reaches a term whose 
absolute value is less than 10~!®. Your method should not use any method frorn the Math class other 
than Math. abs. 


public static double natLog (double x) 


4, 


{15 Marks] 


A circle can be defined as a set of points in a plane that are a given distance (the radzus) from a given 
point (the centre). Suppose we want to create a class Circle whose objects represent circles in the 
Cartesian plane. Each Circle object will have fields: 


private double x; // x-coordinate of centre 
private double y; // y-coordinate of centre 
private double r; // radius of circle 


(a) Write a constructor method for the Circle class. The constructor should have three parameters 
representing the coordinates of the centre and the radius. It should create a new Circle object 
with the given centre and radius. 


(b) Write a toString method for the Circle class. For the circle with centre at (2.5, 3.0) and having 
radius 6.25, the method should return the string: 
"circle: centre (2.5,3.0) and radius 6.25" 


(c) Write an instance method area that returns the area of its implicit Circle object, rounded to 
two decimal places. 


(d) Write an instance method isInside with one explicit Circle parameter. The method should 
return true if and only if the implicit Circle parameter is entirely within the explicit Circle 
parameter. 


(e) Write a class method inContact with two Circle parameters. The method should return true 
if and only if the two circles have any points in common. 


5. 


(15 Marks] 


Complete the definition of the method indexGf whose heading is shown below. The method is similar 
to the indexOf method discussed in the text except that the second parameter is a string instead of 
a character. If pattern is a substring of s, then index0f should return the index in s at which the 
first occurrence of pattern begins. If s does not contain pattern, then indexOf should return —1. 
If either s or pattern are empty strings, tuen indexOf should return —1. You may use any of the 
methods from the String class that are discussed in the text but you may not use any others. 
As examples, 

indexOf ("Mississauga","iss") should return 1 

index0f ("Calgary","gar") should return 3 

indexO0f ("Toronto","“orb") should return —1 

indexOf ("Ottawa","") should return —1 


public static int indexOf (String s, String pattern) 
{ 


{15 Marks] 


Suppose that an array price contains a sequence of daily closing prices of a stock. We define a rally 
as a period of time in which the closing price of the stock either increases or stays the same. Complete 
the definition of the method bestRally so that it returns the difference in the price of the stock for 
the rally having the largest price increase. If the stock price never rises, the method should return the 
value zero. 


public static double destRally (double[] price) 


7. (7 Marks] 
Consider the recursive method whose definition is: 


public static int f (int n) 


{ 
int result = 0; 
if (n != 0) 
if (n % 10 == 0) 
result = f(n/10); 
else 
result = 1 + f(n-1); 
return result; 
} 


(a) Evaluate £(3). 


(b) evaluate £(203). 


(c) State in a few words (no more than ten) what f(n) determines. 


8. [8 Marks] 


Complete the definition of the recursive method reverse so that it returns the reversal of its argument. 
For example, 

reverse("Indie") 
should return the string “eidnI". Your method must be recursive. No credit will be given for a 
non-recursive solution. 


public static String reverse (String s) 
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[15 Marks] 


Suppose that linked lists are represented in the usual way seen in class with List objects containing 
a field: 

private Node head 
and Node objects containing the fields: 

int info; 

Node link; 
Assuming that lists are maintained in increasing order of info values with no repetitions, complete the 
definition of the method printUnion (of the class List) so that it prints, in ascending order, the info 
fields that would be contained in the union of the two lists, one value per line, with no repetitions. Your 
solution should not modify either list, write or call any other methods except System. out. println, 
or create any new objects. (The union of two lists contains the elements that are only in the first list, 
only in the second list, or in both lists.) 


public void printUnion (List other) 
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10. (15 Marks] 


Complete the definitions of the methods printRange whose headers are shown below. The methods 
should assume that the tree on which they are operating is organized as a binary search tree in which 
all info fields are unique. The methods should print the values of the info fields that fall in the range 
low < info < high. Values should be printed one per line. The methods should visit as few nodes as 
possible. 


class Tree 
{ 


private Node root; 


public void printRange (int low, int high) 
{ 


} 

class Node 

{ 
int info; 
Node łChild; 
Node rChild; 


void printRange(int low, int high) 


{ 
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1. [17 Marks] 
Part 1: True/False Questions (1 mark each, no penalty for incorrect answers) 


Circle the correct answer for each of the following: 


1. True or False: An even number cannot be represented with respect to an odd number base. 


10. 


11. 


12. 


13. 


. True or False: 


. True or False: 


. True or False: 


. True or False: 


. True or False: 


. True or False: 


. True or False: 


. True or False: 


True or False: 


True or False: 


True or False: 


True or False: 


The trim() method in the String class removes all extra spaces from a String 
object. 


Ifsl == s2 returns true for two non-null String reference variables s1 and s2, 
it means that the String objects they refer to contain the same characters in the 
same order. 


Selection sort is O(n log n). 
Bubble sort is always faster than insertion sort. 


After String[] names = new String[5]; is executed, names[{1] has the 


value null. 


sl1.equals(s2) returns true if and only if s1 and s2 refer to the same String 
object. 


There is no limit to the number of times you may recursively call a method. 


Given String s = "sunshine", then s.substring(3, s.length() - 1) 
will evaluate to "shine". 


Class fields are automatically initialized to zero whenever an object for that class is 
created. 


In each iteration of selection sort, one and only one pair of items in the array will be 
swapped. 


The statement int[]{][] list = new int[15][]{[]; leads toa compile-time 


error. 


The UNIX command cp can be used to make a copy of an entire UNIX directory 
(including all the files and subdirectories inside) to a different directory location. 


Part 2: Multiple Choice Questions (1 mark each, no penalty for incorrect answers) 
Circle one and only one choice that best answers the question. 


1. Consider the following Java code: 


class Confusion 


{ 


private static int x = 1; 


private static int getX() 
{ 

int x = 2; 

return x; 


} 


public static void main(String[] args) 
{ 
System.out.printin(getX()); 
} 
} 


When we run this Java program, the value printed will be: 
(A) 1 
(B) 2 
(C) Nothing, we will encounter a run-time error 
(D) Nothing, this code will not compile 


2. An algorithm whose running time is known to be O(2”) requires t seconds to process a problem of 


size n. Assuming the same computing environment, about how long would the algorithm need to 
process a similar problem of size 3n? 


(A) t? seconds 
(B) 2"¢ seconds 
(C) 2?"¢ seconds 
(D) 8t seconds 


3. Consider the following Java code segment: 


class DoThings 


{ 
public static int doSomething(int i) 
{ 
int j = i + 1; 
int k = doSomethingElse(i); 
return k; 
} 
public static int doSomethingElse(int x) 
{ 
x += j; 
return x; 
} 


} 
Which of the following best describes the output when DoThings .doSomething(5) is executed: 


(A) the method doSomething returns 11 

(B) the method doSomething returns 10 

(C) Nothing, this code will not compile 

(D) Nothing, we will encounter a run-time error 


4. Which one of the following algorithms, all meant to solve the same problem, is the most efficient? 


(A) An O(log n) algorithm 
(B) An O(nlog n) algorithm 
(C) An O(/n) algorithm 
(D) An O(n) algorithm 

(E) An O(n?) algorithm 


2. 


[17 Marks] 
Please provide a concise answer to the following questions. 


1. (3 marks) What will be printed by the following Java fragment? 


int m = 10; 
int n 0; 


while (m > n) 


{ 
System.out.println(m + "+" + n); 
m --; 
n += 2; 

} 


2. (5 marks) The Fibonacci sequence consists of the numbers 
1,1, 2,3,5,8,... 
and is recursively defined as: 


1 if n= 
f(n)=4 1 if n=2 
f(n-1)+f(n-2) if n>2 


A recursive method that calculates f(n) is: 


public static int fibonacci(int n) 


{ 


if (n == || n == 2) // assume n > 0 
return 1; 


return fibonacci(n - 1) + fibonacci(n - 2); 


} 


In this context, answer the questions on the next page. 


(a) (1 mark) How many times is the method fibonacci called to calculate f(5)? 


(b) (2 marks) Is this method efficient? Why or why not? 


(c) (2 marks) In the space below, rewrite the fibonacci method so that it calculates f(n) without 
using recursion. 


public static int fibonacci(int n) 


{ 


3. (3 marks) Suppose that an array initially contains the values {5, 3, 6, 2, 4}, and we would like 
to sort the array in ascending order. Please show what the contents of the array would look like after 
the first pass of 


(a) insertion sort 
(b) selection sort 


(c) bubble sort 


4. (3 marks) The quantity z”, where z is a real number and n is a positive integer, may be (naively) 
computed recursively according to: 


n= z- -xl  n>0 
= pt n=0 


Suggest a more efficient recursive computation, where “more efficient” means less recursive calls for 
a given value of n. Please precisely describe the main idea, without writing any Java code. 


5. (3 marks) Assume an integer array, int{] a, has been created and initialized. Write a while loop 
that prints all the elements of a, one per line, repeatedly and forever. Do not use any if statements in 
your solution. For example, ifint{] a = {1, 2, 3}, the following will be printed by the while 
loop. 


"NEP WNHEWNREPWNHE 


3. [17 Marks] 


(a) (9 marks) Write a class named Point to store and manipulate objects representing points in a plane. 
Your class must include the following methods: 


© (1 mark) A constructor that takes two double parameters representing the x and y coordinates 
of the point. 


© (1 mark) A default constructor that creates a point at (0, 0). 


© (1 mark) A toString() method that returns a String representing a Point in the format (x, 
y)((1.5, -3.72) for example). 


© (2 marks) An instance method equals that takes one Point object as its parameter, and re- 
turns a boolean value true if and only if the implicit object and the explicit object parameter 
represent the same point in the plane. 


© (2 marks) An instance method distance that takes one Point object as its parameter, and 
returns the distance between the implicit and explicit Point objects. 


© (2 marks) A class method countPoints that returns an int type integer, representing the total 
number of Point objects created so far. 


(b) (8 marks) Write a class named Circle to store and manipulate circle objects. Your class must have 
the following methods: 


© (2 marks) A constructor that takes a Point parameter representing the center of the circle and a 
double parameter representing its radius. 
© (3 marks) An instance method area that returns the area of the implicit Circle object. 


© (3 marks) An instance method overlap that takes one Circle object other as its parameter, 
and returns a boolean value. The overlap method returns true if and only if there exists a 
point that is contained in both the implicit Circle object and the explicit Circle object. 
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[17 Marks] 

Write a method public static int binarySearch(int [] list, int item) that performs the 
Binary Search algorithm in a sorted array of int type integers, using a non-recursive implementation. The ar- 
ray List is sorted in ascending order, but there may be duplicates in the array. The method binarySearch 
should return the index of item in the array, if the search is successful. If item is not found in the array, 
the method should return -1. When there are more than one occurrence of the item to be searched, return 
the index of the first occurrence. For example, if the array is 10, 15, 15, 15, 20, and the integer to be 
searched is 15, then the index 1 should be returned. 


public static int binarySearch(int[] list, int item) 


{ 
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[16 Marks] 

In digital signal processing software, signals are often represented as arrays of double floating-point num- 
bers.. A common operation involving two signals is called convolution, and is mathematically described 
as 


În] = yp Almz[n—m] ,forn=M-1...N—-1 
: ,ford<n<M-1 


where h is an array of length M, and z and y are arrays of length N. (For example, this operation may be 
used to apply a digital filter, represented by A, to a signal, represented by =.) 


Write a method named convolve that takes as parameters two double arrays (representing h and z), 


performs the operation described above and returns an array containing the result of the convolution, i.e. 
y. Pay attention to your array indices. 
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[16 Marks] 


The problem of generating all subsets of a set of N elements has a simple recursive formulation. For exam- 
ple, if you start with the set {A, B, C}, the set of all subsets can be divided into two groups: (1) those that 
contain A and (2) those that do not. In either case, the subsets in each group simply contain all possible 
subsets of the remaining elements, {B,C}. Thus, the complete list of subsets of {A, B, C} is 


Subsets containing A: {A, B,C}, {A, B}, {A, C}, {A} 
Subsets not containing A: {B,C}, {B}, {C}, {} 


Write a Java method public static void subset(String s) that prints all subsets of a set given as 
a parameter. We use a String to represent a set. For example, the set {A, B, C} is represented by a String 
"ABC". You may assume that any set passed to your method has no repeated elements, and elements of the 
set are characters. As an example, when subset ("ABC") is called, we observe the following output: 


{ABC} 
{AB} 
{AC} 
{A} 
{BC} 
{B} 
{C} 

{} 


You must use recursion in your implementation. 
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Use this page to continue your solutions to any of the questions in this examination, if more space is 
needed. Please clearly mark the question number(s). 
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Use this page as scratch space. Please do not write your solutions to exam questions on this page. 
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Use this page as scratch space. Please do not write your solutions to exam questions on this page. 
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Use this page as scratch space. Please do not write your solutions to exam questions on this page. 
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1. [10 Marks] 


Circle the correct answer for each of the following statements. Each correct answer is worth one mark. 
Each incorrect answer will result in a deduction of one mark. 


(a) True or False: 


(b) True or False: 


(c) True or False: 


(d) True or False: 


(e) True or False: 


(f) True or False: 


(g) True or False: 


(h) True or False: 


(i) True or False: 


(j) True or False: 


The part of a computer that performs arithmetic is called the ALS. 


The output of the Java compiler is known as Java script. 


A double value is stored using 32 bits. 


The relational expression "sam".compareTo("sum") > 0 evaluates to true. 


Methods may have more than one return statement. 


Java arrays are always indexed from zero. 


A method is said to be overloaded if it has more than one parameter. 


The value of the expression "Toronto" .substring(2) .indexOf(’o’) is 1. 


A queue is a linear list in which all insertions and deletions are done at one 
end of the list. 


Any algorithm used to traverse a binary tree must be recursive. 


[20 Marks] 
Each part of this question is worth two marks. 


(a) Evaluate: ((int) 1.2*7) / 4 


1 F 
(b) Write ——e~™ as a Java expression. 


Van 


(c) Write a statement that will assign to the int variable rounded the value of the double variable 
x rounded to the nearest 100. As an example, if x = 7654.321, then the statement should assign 


rounded the value 7700. 


(d) Simplify the expression ! (p != q && r >= s) as much as possible. 


(e) Trace a binary search as it seeks the value 54 in the array called list shown below. To show 
your trace, print the value of the array element examined at each stage of the search. 


index OTT [273 [4] 5] 6] 7] 8] 9] wn] Dla 
[iist [28] 36 [37 [43 | 51 [87] 60 | 64] 70] 72] ei | 85 | 88 | 93 | 97 


(f) Suppose that a class Person has been defined. Write a fragment that will create an array of 20 
Person objects. 


(g) Suppose that an array initially contains the values {6,8,9,2,4}. If the array is to be sorted 
into ascending order using selection sort, show the contents of the array after each of the first 
two passes of the sort. 


(h) Suppose that an array initially contains the values {27,40,54,13,60,15,20}. If the array is 
to be sorted into ascending order using quicksort as discussed in class, show the contents of the 
array after the first pass of the sort. 


Linear lists can be stored in arrays or linked lists. Give one advantage of linked lists over arrays 
and one advantage of arrays over linked lists. 


~ 
eD 
aeg 


(j) The diagram shows a binary tree. A preorder traversal of the tree, printing values at the nodes, 
would print those values in the following order: 9 8 2 6 4 7 3 1. Place the values in their 
correct positions in the tree. 


3. 


[15 Marks] 

Write a Java method checkSum that has a single int parameter n which you may assume is positive. 
The method should return the value found by adding the first, third, fifth, . . . digits of n and subtracting 
the second, fourth, sixth, ... digits of n. The table below gives examples. 


n Evaluate Return 
827463 8-2+7-4+6-3 12 
5 5 5 
73 7—3 4 
142 1-4+2 —1 


4. 


[10 Marks] 
Suppose that we want to create a class Pet in which each object has the following fields: 


private String species; // "cat", "dog", etc. 
private int age; // in years 
private char sex; // ?F? or M? 


(a) Write an appropriate constructor with three ‘parameters. 


(b) Write an equals method for the class. Two Pet objects should be considered equal if they are 


of the same species, have the same sex, and have ages no more than one year apart. 


(c) Write a toString method for the class. Sample strings for objects of the class are: "3 year 


old male fish" and "5 year old female dog". 


5. 


[15 Marks] 


Complete the definition of the method longestWord whose header is shown below. The method should 
return the longest word in the string s. Assume that s consists only of words separated by single 
blanks and that there are no blanks at the beginning or end of s. If there is more than one word of 
the maximum length, return the first one. 


public static String longestWord (String s) 


[15 Marks] 

Complete the definition of the method occurrences whose header is shown below. The method should 
return a count of the number of times that the sequence stored in the array pattern occurs in the 
array list. 

As an example, if pattern = {4,7,4} and list = {1,4,7,4,7,4,3,8,4,7,4} then the method 
should return the value 3. 


public static int occurrences (int[] pattern, int{] list) 


7. [5 Marks] 
A function f is defined for non-negative integers m and positive integers n as follows: 


m ifm<n 
f(m,n) = ¢ 0 ifm=n 
f(m-—n,n) ifm>n 


(a) Find the value of each expression. 


i. f(2,5) 
ii. f(7,1) 
iii. (11,4) 


(b) State in a few words (no more than ten) the value of f(m, n). 


8. [10 Marks] 
A palindrome is a string that is identical to its reversal. As examples, "radar", "deed", and "$$* *$$" 
are all palindromes. Write a definition of a recursive method isPalindrome that returns true if and 
only if its single String parameter s is a palindrome. Note that your method must be recursive; no 


credit will be given for a non-recursive solution. 


9. 


[15 Marks] 


Suppose that linked lists are represented in the usual way seen in class (as outlined below). Assuming 
that lists are maintained in increasing order of info fields and that all entries in a list are unique, 
complete the definition of the method intersection so that it returns the list that contains the items 
found in both the implicit List object and the list other. If the lists have no elements in common, 
the method should return a List object whose head field has the value null. You should not assume 
the existence of any other methods. 


class List 
{ 


private Node head; 


class Node 
{ 
int info; 
Node link; 


Node (int i, Node n) 
{ 
info = i; 
link = n; 
} 
} 


public List intersection (List other) 
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10. [15 Marks] 
A binary search tree can be organized in ascending order with all keys in the left subtree of any node 
less than those in the right subtree but it can also be organized in descending order with all keys in 
the left subtree greater than those in right subtree. Complete the definitions of the methods reverse 
whose headers are shown below. The methods should assume that the tree on which they are operating 
is organized as a binary search tree in ascending order by info fields. The methods should alter the 
tree so that it becomes a binary search tree organized in descending order. 


class Tree 


{ 


private Node root; 


public void reverse () 


{ 


} 


class Node 

{ 
int info; 
Node 1Child; 
Node rChild; 


void reverse () 


{ 
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Mark 


1. (14 Marks, 1 mark each) 
For (a) through (m), circle the correct answer for each of the following: 


(a) 


True or False: An sorted linked list can be searched as quickly as a sorted array. 


(b) 


(c) 


(i) 


(k) 


(n) 


True or False: 


True or False: 


True or False: 


True or False: 


True or False: 
True or False: 
True or False: 
True or False: 


True or False: 


True or False: 


True or False: 


True or False: 


If i is a variable and p points to i, which of the following expressions are aliases for i? 


(1) *p 


(5) &p 


When applied on an unsorted array, the insertion sort algorithm 
performs more element moves than selection sort. 


It is always safe to dereference a pointer variable. 


If we allocate a dynamic array and store the array’s address in 
arr, then the statement delete arr; de-allocates the array. 


Adding a node at the head of a linked list, as described in class, 
is generally faster than adding it at the tail. 


Recursive algorithms may have more than one base case. 
Mergesort is faster than selection sort for large arrays. 
Structures may not be returned by functions. 

Structures may not have members that are themselves structures. 


The UNIX I/O redirection operator > appends to the end of a file, 
if it already exists. 


Absolute pathnames in UNIX may begin with any letter. 


A C++ function may return a variable of type pointer to char. 


When a C++ program ends, all of its dynamically allocated mem- 
ory is returned to the operating system. 


(2) *&p (3) +i (4) *&i 


(6) &*p (7) &i (8) &*i 


Circle all expressions that you think are aliases for i. 


2. (16 Marks) 


(a) [5 Marks] Write statements to count the number of characters in a file named someData.txt. 
Indicate any include directives your statements will require. 


(b) [3 Marks] What is the output from the following program when executed with the input: 
[Fee Fi Fo Fum| 


#include <iostream> 
using namespace std; 
int main() 


{ 
char word[25]), *data[4); 


for ( int i=0; i<4; itt ) 
cin >> word; 
data[i] = new char[25]; 
data{i} = word; 


} 
for ( int i=0; i<4; i++ ) 
{ 
cout << data[i] << " "; 
} 


cout << endl; 


return 0; 


(c) i. [2 Marks} State one reason for choosing to use an array instead of a linked list. Explain. 


ii. [2 Marks] State one reason for choosing to use a linked list instead of an array. Explain. 


(d) [4 Marks] 
Write the function body for the function having declaration: 


int *find_middle( int a[], int n ); 
When passed an array int a of length n, the function will return a pointer to the array’s middle 
= 4, 


element. If n is even, choose the middle element with the larger index; for example, if n 


consider the middle element to be a[2}, not afi]. 


3. (10 Marks) 


Write a C++ function named findAll to find all occurences of a value in an array of integers. The 
function will take, as parameters, the array, its size, and the value to be found. You will return a 
pointer to a linked list node of type 


struct IndexNode 
{ 
int index ; 
IndexNode *#next ; 
}; 


If the array does not contain the value searched for, return NULL. Otherwise, return a pointer to the 
head node of a linked list. The list contains, in increasing order, the indices of all occurences of the 
value sought. Note: In order to get full marks, your list must contain the indices in increasing order. 
However, if you cannot achieve this, you may return them in reverse order at a penalty of 1 mark. 


4. (10 Marks) 


Write a function, having the header void reverse (ListNode +khead), that reverses the order of 
the nodes in the linked list pointed to by the actual parameter corresponding to head. Do not make 
copies of the list, any of its nodes, or any of the data values. Assume ListNode is defined as 


struct ListNode 

{ 
int data ; 
ListNode *next ; 


}; 


Hint: Think carefully before you start. There is a relatively short solution. 


5. (10 Marks) 


A magic square is an arrangement of the numbers from 1 to n? inan nxn array, with each number 
occurring exactly once, and such that the sum of the entries of any row, any column, and either 
diagonal are the same. It is not hard to show that this sum must be alae), The number n is called 
the order of the magic square. 


For example, the 3 x 3 array 


6 7 2 
1 5 9 
83 4 


is a magic square because it satisfies the properties listed above. 


(a) [2 Marks] Assume there exists a library named MatrixTrivia that contains a function named 
isMagicSquare. isMagicSquare returns type bool. This function determines whether or not a 
dynamically allocated n x n array of int is a magic square. Write what you believe the function 
declaration should be for the isMagicSquare function. You are not required to write the body 
of the isMagicSquare function. 


(b) {8 Marks} Write an efficient and complete C++ program that: 
e Prompts the user to enter an order n. 
e Allocates the amount of memory required to hold an n x n array of int variables. 
è Reads an n x n array of integers into the allocated memory. 
e Prints a message that indicates whether or not the input array is a magic square. Your 


nA 


program should use the isMagicSquare function discussed above. You are not required to 
write the body of the isMagicSquare function. 
e Returns the allocated memory to the operating system. 


You may assume that the user will enter a positive order n. 


Continue your solution for Question 5 on this page. 


6. (10 Marks) Recursion 


(a) [5 Marks] What is the output of the print InOrder function, shown below, if it is called as 


int arr[] = {5, 2, 3,-6, 2, 7}; 
printInOrder (arr ,6) ; 


You may find that it assists you in tracing the code if you draw a sketch (on the back of the 
previous page) showing the function calls and their parameters. 


(Answer goes here) 


void printBetween (const int b[], const int length, 
const int index, 
const int low, const int high) 
{ 
if (index != length) 
{ 
if (b[index] > low && b[index] < high) 
{ 
cout << "# " ; // extra debugging/tracing output 
printBetween(b, length, index+1,low,b{index]); 
cout << b[index] <<" " ; 
printBetween(b, length, index+1,b[index], high); 
} 
else 


{ 
cout << "+ " ; // extra debugging/tracing output 


printBetween(b, length, indext+i,low,high) ; 
} 
} 
} 


void printInOrder(const int af], const int length) 
{ 
const int smallestInt = -2147483647; 
const int largestInt = 2147483647; 
printBetween(a,length,0, smallestint,largestInt) ; 
cout << end? ; 


(b) [1 Mark] If the purpose of the function is to print the elements of an array in non-decreasing 
order (even if it is not already sorted, and ignoring the °»? and ’#? characters), is it working 
properly? If not, what is wrong? You may assume the input array will never contain the values 


specified by smallestInt and largestInt. 


(c) [4 Marks} Modify the code to print the list in reverse (non-increasing) order. If you indicated in 
(b) that the code was not working properly, fix it as well. You do not need to rewrite the code 
in full if you can clearly explain what changes are required ... feel free to mark your changes 
directly on the code, which has been reproduced below (without the extra debugging/tracing 


output). 


void printBetween(const int bf], const int length, 
const int index, 
const int low, const int high) 
{ 
if (index != length) 
{ 
if (b{index] > low && b[index] < high) 
{ 
printBetween(b, length, index+1,low,b{index] ); 
cout << bf{index] <<" " ; 
printBetween(b, length, index+1,b[index], high); 
} 
else 
{ 
printBetween(b, length, index+i,low,high); 
} 
} 
} 


void printInOrder (const int a{}, const int length) 
{ 
const int smallestInt = -2147483647 ; 
const int largestInt = 2147483647; 
printBetween(a,length,0, smallestiInt,largestInt) ; 
cout << endl ; 
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7. (10 Marks) 


In this question you are to write a complete and efficient C++ function named findInString. 


The findInString function locates the first complete occurrence of a given C-string s2 (excluding 
the terminating null character) in a given C-string si. The index of the start of the string s2 in s1 
is returned by findInString. The value -1 is returned if the string s2 is not found in the string 
si. If s2 is the empty string, "", the findInString function returns the value 0. For example, 
findInString("splatter", "Yatte") would return 2, while findInString("James", Tom") would 
return -1. Yon may call strlen, but no other functions, from your implementation of findInString. 


il 


8. (10 Marks) 


An array of structure variables could be used to keep track of student records. Suppose the following 


statements were executed to set up such a list: 


struct Student 


{ 
char ¥familyName; 
char *firstName; 
int id; 

J; 


Student list{400]; 


1 a sorted alphabetical order by non-decreasing familyName. 


For example, the record for student “Pairgrieve” should appear in the list before the record for 
student “MacLean”. If two or more students have the same familyName, the sorting can be based on 
non-decreasing firstName. And if two or more students have the same familyName and firstName, 


the sorting can be based on increasing id number. 


Lists of this nature are usually stored it 


on named isSorted that determines both whether or 


(a) (5 Marks} Write an efficient C++ functi 
ariables is in the order specified above. 


not a given array of Student structure v 


12 


(b) [5 Marks] Write an efficient C++ function that uses the sequential search algorithm to determine 
the first and last index of a given familyName in a sorted array of Student structures. If the 
given familyName does not appear in the array, both indices should be set to ~1. 
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Continue answers to questions here if necessary. 
Clearly indicate which question the answer belongs to. 
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Calculator Type: 4 
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All questions are to be answered on the examination paper. If the space provided for a question is 
insufficient, extra space is provided at the end of the examination. If you use this extra space, please 
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directed otherwise, you may use any of the methods from the Math, String, and In classes. 


Name 


Student Number ——-__EEE ecf login —— nmm 


MARKS 


r2y7s]4[s]6]7][8]9] 0 | Teal] 


dalalatalal dalelalan 


1. 


[10 Marks] 


Circle the correct answer for each of the following statements. Each correct answer is worth one mark. 
Each incorrect answer will result in a deduction of one mark. 


(a) True or False: 


(b) True or False: 


(c) True or False: 


(d) True or False: 


(e) True or False: 


(f) True or False: 


(g) True or False: 


(h) True or False: 


(i) True or False: 


(j) True or False: 


J 
A Java compiler will recognize all syntax errors in a program. 
An int value is stored using 32 bits. 


At the time of a method call, an argument automatically receives a value from 
the corresponding parameter. 


The declaration int[] [] table = new int[10] []; is valid. 


If we fail to write a toString method for a class, Java supplies one that returns 
the string "". 


The value of the expression "Canada" . toUpperCase () indexOf(’A’) is 2. 
The String class has an instance method that returns the length of a string. 
Recursive methods are usually more efficient than non-recursive ones. 

An ordered linked list can be searched using a binary search. 


An inorder traversal of a binary search tree visits the nodes in ascending order. 


2. [20 Marks] 


Each part of this question is worth two marks. 


(a) Show what would be printed by the statement System. out .printin("Sum is:\n" + 3.4 + 5); 


3 


4 
sur 


(b) Write 3 


as a Java expression. 


(c) Write a statement that will assign to the int variable choice a random value from the set 
{2, 4, 6, 8, 10}. 


(d) Simplify the expression !(x >= y || x != z) as much as possible. 


(e) What do we mean when we say that a method is overloaded? 


(f) Trace a binary search as it seeks the value 61 in the array called list shown below. To show 
your trace, print the value of the array element examined at each stage of the search. 


[ma [DO] 1]2[3]4[5]6[7][8]9 [Wp] alm 
raise [31] 35 | 40/41 | o2 [55 [68] 63 | 68] 71] 79 | 82 [87 [90 | 94 | 


(g) Suppose that an array initially contains the values {7,3,5,2,8}. If the array is to be sorted 
into ascending order using insertion sort, show the contents of the array after each of the first 
two passes of the sort. 


(h) Suppose that an array initially contains the values {28,36,27,32,25,40,24}. If the array is 
to be sorted into ascending order using quicksort as discussed in class, show the contents of the 
array after the first pass of the sort. 


(i) What is a stack? 


(j) The diagram shows a binary tree. In what order would the nodes be visited by a preorder 
traversal? 


3. 


[15 Marks] 


Write a complete Java program that first prompts the user for a value of z, reads x (as a double) and 
then computes and prints the value of e7” without using either of the methods exp or pow from the 
Math class. The value of e” is given by the following power series. 


x? 
at3 
In computing the value of e”, your program should continue to add terms of the power series until it 
reaches a term whose absolute value is less than 10715, 


r3 


e =1+r+4 prs 


4. 


[15 Marks] 
Suppose that points in the plane are represented by objects of a Point class with the following fields: 


private double x; 
private double y; 


The Point class also contains accessor methods getX and getY that return the values of x and y. 
Suppose also that line segments are represented by objects of the Segment class with the following 
fields: 


private Point p; 
private Point q; 


(a) Write a constructor method for the Segment class that could be called by the statement 
Segment s = new Segment(p1,p2); 
where pi and p2 are Point objects. The constructor would create a new Segment object with 
endpoints pi and p2. l 


(b) Write an instance method length for the Segment class. The method should return, as a double, 
the length of a segment. 


(c) Write an instance method slope for the Segment class. The method should return, as a double, 
the slope of a segment. If the segment is vertical or of length zero, the method should return 
NaN. 


` (d) Write an equals method for the Segment class. Two segments should be considered equal if 
their lengths differ by less than 10715 and their slopes either differ by less than 10715 or are 
both undefined. 


[15 Marks] 


Complete the definition of the method firstWord whose header is shown below. The method should 
return the word in the string s that would be first if the words of the string were placed in alphabetic 
order. Assume that s consists only of lower-case words separated by single blanks and that there are 
no blanks at the beginning or end of s. You may not use methods of the StringTokenizer class in 
your solution. 


public static String firstWord (String s) 


6. [15 Marks] 


Complete the definition of the method closest whose header is shown below. The method should 
return the smallest non-negative difference between values in the int array list. 


As examples, 


if list = {3,13,20,10} the method should return the value 3 (13 and 10 are closest) 
if list = {-4,5,2,-8,7,-1} the method should return the value 2 (5 and 7 are closest) 
if list = {-5,7,-5,4} the method should return the value 0 (—5 and —5 are closest) 


public static int closest (int[] list) 


7. {5 Marks] 
The Tchebyshev polynomials are defined as follows: 
1 j ifn=0 


1, y= 2 ' ifn=1 
x: Tn-i (x) = Tn-2(7) ifn>1 


(a) Find To(x) and T3(x) in simplified form 


(b) Find the value of T,(2) by hand. 


8. [10 Marks] 


Write a recursive method count that has two parameters: an int value n and an int value digit. You 
may assume that n is non-negative and that digit is a single digit in the range 0 to 9. The method 
should return a count of the number of times that digit occurs in n. For example, count (7088785, 8) 
should return the value 3. Note that your method must be recursive; no credit will be given for a 
non-recursive solution. 
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[15 Marks] 


Suppose that linked lists are maintained in the usual way seen in class using the class List and the 
inner class Node whose fields are shown below. 


class List 
{ 


private Node head; 


class Node 
{ 
int info; 
Node link; 
} 
} 


Suppose further that all linked lists are maintained in non-decreasing order. Write an instance method 
simplify that deletes any duplicate items in a list. If, for example, before calling simplify, a list 
contains 

13 15 15 17 17 17 19 22 25 25 28 
then, after simplify has been called, the list should contain 

13 15 17 19 22 25 28 


public void simplify () 
{ 
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10. [15 Marks] 


Suppose that we define the level of a node in a binary tree as the number of edges on the path from 
the node to the root. For example, in the binary tree shown in the diagram, the levels of A, B, C, and 
D are, respectively, 0, 1, 1, and 2. | 


(A) 
GS) © 
D) 


We can then define the height of a binary tree as the maximum level of any node in the tree. Thus the 
height of the binary tree shown above is 2. Using this definition of height, complete the definitions of 
a pair of methods for the Tree and Node classes that return the height of a binary tree. If the tree is 
empty, the value —1 should be returned. 


class Tree 


{ 


private Node root; 


public int height () 
{ 


} 

class Node 

{ 
int info; 
Node 1Child; 
Node rChild; 


int height () 
{ 
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osya aas e e e p 
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1. (20 Marks, 1 mark each) 
Circle the correct answer for each of the following: 


(a) 
(b) 
(c) 


True or False: A sorted linked list can be searched as quickly as a sorted array. 


True 
True 


True 
True 


True 


True 


True 
True 


True 
True 


True 
True 


True 


True 
True 
True 


True 
True 
True 


or False: 
or False: 
or False: 

- statement in which they were declared. . 


or False: 


or False: 


or False: 


or False: 


or False: 


or False: 


or False: 


or False: 


or False: 
or False: 


or False: 
or False: 


or False: 


or False: 
or False: 


or False: 


The C++ compiler ignores white-space in string constants. 


After a call to the open() function in the ofstream class, it is safe 
to immediately start writing data to the file. 


Variables must be initialized in a different statement from the 


The following statement will not generate a compiler error: 
while(false) ; 


The following statements will cause y to contain the value 6: 
int x=5; 
int y = xt+ ; 


If a and b are both struct variables of the same type, then the 
statement a = b; copies all the values stored in b into a. 


The expression 42 - 4*(42/4) gives the same result as 42 % 4. 


To use the C-string functions (e.g. strlen()) in your program, 
you need to include the line “#include <string>” at the start of 
your program. 


A C++ function may return a struct value. 


“Call-by-reference” means that any local variable in a C++ func- 
tion can be accessed by any other function. 


Binary search will operate properly on any array of values. 


The function headers void printArray(int *a) and void 
printArray(int a[]) are equivalent. 


It is an acceptable practice to allocate memory using new without 
ever using delete to free the memory. 


File permissions can be changed with the command chmod. 
Recursive functions may return any type of value. 


Given a large list of items, the selection sort algorithm almost 
always executes faster than the merge sort algorithm. 


Recursive functions always execute faster than iterative functions. 
Only functions that return a value may be recursive. 
After executing the following code fragment, variable ptr2 points 


to the same memory location as variable ptr1. 


int *ptri, *ptr2; 
ptri = new int; 
ptr2 = &ptri; 


2. (15 Marks) 


(a) i. (1 Mark) . 
What command would you use on the ECF lab computers, to compile a file named Lab9. c++ 
and have the executable program placed in a file named Lab9? 


ii. (1 Mark) 
What command would you use on the ECF lab computers to execute the program in a file 
named Lab9 and have the output placed in a file named Lab9. output? 


iii. (1 Mark) 
What command would you use on the ECF lab computers to copy the file Lab5Starter.ct+ 
from the directory /share/copy/aps105 into your current working directory? 


(b) (2 Marks) 
Write a single C++ expression that evaluates to a random three-digit integer. The leading digit 
‘must not be zero. 


(c) (2 Marks) 
Write a single boolean expression that tests a char variable myChar and determines whether or 
not it is a letter of the alphabet. 


(d) (2 Marks) 
Write C++ statements to declare a character array capable of storing a C-string of up to 100 
characters, and read a value into it from the keyboard. The value input by the user may contain 
spaces, so read the entire line of input into your C-string. 


(e) (2 Marks) 
Given the declaration int arr[25];, show how to store the address of the second-last element 
of the array into a variable of type int * without using the & operator. 


(f£) (2 Marks) 
Write a C++ statement that prints the ASCII code associated with the char variable c using 
cout. Do not declare any additional variables to do this. 


(g) (2 Marks) 
Rewrite the function: 


void f( int &a ) 
{ 


cout << a << endl; 


} 


so that it uses a call-by-value pointer variable instead of a call-by-reference int variable. 


3. (5 marks) 
Show what output is displayed when the following C++ program is executed: 


#include <iostream> 
using namespace std; 


int fi(int n, int m) 


{ 
cout << "n=" << n << " m=" << m << endl; 
if(m < m) y 
return 0; 
else if(n==m) - l 
return m + f1(n-1,m); 
else 
return n. + f1(n-2,m-1); 
} i 
int main() 
{ 
cout << £1(5,4); 
return 0; 
} 
Output: 


4. (10 Marks) 
Write a complete C++ program that prompts the user to enter an integer number n and then prints 
all of the even squares between 1 and n. For example, if the user enters 150, the program should 
print the following: 


5. (10 Marks) 


(a) (5 Marks) 
Write a C++ function that allocates memory for a 2-D array of char and returns a pointer to 
the array. The arguments to the function are integer values indicating the number of rows and 
columns in the array. 


(b) (5 Marks) 
Write a function named isInOrder that traverses a linked list, whose nodes are defined by the 
structure given below, and returns a boolean that indicates if the list is in alphabetical order. 
Do not copy any strings in your solution. Assume that all’ characters in data members are 
lower-case. 


struct ListNode 

{ 
char data[20]; 
ListNode *next ; . 


}; 


6. (10 Marks) l 
A known limitation of simple binary search is that, if it returns a valid index, the caller does not 
know if the returned index is for the first, last, or some other occurrence of the value sought in the 
given array. You are to write a new function called bSearchAl1 that returns the indices of the first 
and last occurrences of the value sought in a struct of type IndexRange, defined as 


struct IndexRange 


{ 
int firstIndex ; 
int lastindex =; 


}; 


The struct returned will store the index of the first occurrence in firstIndex and the index of the 
last occurrence in lastIndex. If only one instance is found, both index values will give the index 
of that instance. If none are found, both index values will contain -1. Assume you already have a 
function that performs binary search, with declaration 


int bSearch(const int a[], const int size, const int key); 


Call the bSearch() function in bSearchAl1() to find an occurrence of the sought-after value (key) 
in an array a that has size elements. The bSearch() function returns an index of the sought-after 
value in the given array, or -1 if the value is not found. 


Continue your solution to question 6 on this page. 


7. (10 Marks) l 
Recall from class that a stack can be thought of as a linked list where all additions (push) and all 
deletions (pop) are done at the same end of the list, and this end is called the top of the stack. In this 
question you are to implement a simple stack using linked lists (the type of lists you used in Lab 8). 
Your stack will store double values for use in a calculator program. You are to write the following 
functions: 


bool isEmpty(StackNode *head) — this function returns true if there are no nodes in the 
stack, and false otherwise. 


double peek(StackNode *head) — this function returns the double value stored in the node 
at the top of the stack, but does not change the stack. Although this function should not be 
called on an empty stack, use the assert () function to cause the program to stop should this 
condition be violated. 


void push(StackNode *zhead, double x) — this function adds a node storing the value in 
x to the stack. | 


double pop(StackNode *&head) — this function returns the double value stored in the node 
at the top of the stack, and removes the corresponding node from the stack. Be sure to return 
any allocated memory when you are done using it. Although this function should not be called 
on an empty stack, use the assert () function to cause the program to stop should this condition 
be violated. 


As part of your answer, show the declaration for StackNode that will allow a suitable implementation 
of the stack functions above. 


Hint: while you are free to choose which end of the list to use for additions and deletions, making 
the right choice will make this question simpler. 
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8. (10 Marks) 
A prime number is a positive integer that has exactly two distinct positive integer divisors, namely 
1 and itself. The first 5 prime numbers are: 2,3,5,7,11. 


The Greek mathematician Eratosthenes devised a scheme for determining all prime numbers less 
than or equal to a given integer N. An algorithmic description of. his idea follows: 


e Create an array that stores the integers (in order) from 0 to N. If N = 15, the array would be: 
[o] [1] [2] [3] [4] [5] (6) [7] [8] [9] [10] [11] [12] [13] [14] [15] 


e Eliminate 0 and 1 from consideration as prime numbers, perhaps by setting their array entries 
to —1. 


e Starting with the first prime (2), eliminate further multiples of this prime from consideration 
(perhaps by setting the array entries for the multiples to —1) because they are not prime 
numbers. 

e The next prime will be the first integer following the current prime that has not been eliminated. 

e Multiples of this prime are then eliminated, and again the remaining integers are searched for 
the next prime. 


e The algorithm continues in this fashion until all numbers less than or equal to N that are not 
prime numbers have been eliminated. 


Write a complete C++ program that reads a number N from the user, applies Eratosthenes’ algo- 
rithm, and then prints the prime numbers less than or equal to N. 
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Name 


Student Number ——— sC—~sséeee ff eon 


oe Be se 


{10 Marks] 
Circle the correct answer for each of the following statements. You will get one mark for each correct 
answer, you will get zero for each question left blank, and you will lose half a mark for each incorrect 


answer. 


(a) True or False: 


(b) True or False: 


(c) True or False: 


(d) True or False: 


(e) True or False: 


(f) True or False: 


(g) True or False: 


(h) True or False: 


(i) True or False: 


(j) True or False: 


The value of (int) 1.5 * 5 % 3is2. 


In C, the expression 7 < n < 3 will have the value zero for any value of n. 


A do statement is always executed at least once. 


The declaration int list[10] ; automatically initializes the elements of list 
to zero. 


The scope of a variable is the range of values that the variable can take. 


In C, the only form of parameter passing is call by value. 


If list has been declared as an array, then list+3 is a synonym for &list [3]. 


Recursive methods are usually more effictent than non-recursive ones. 


An ordered linked list can be searched using a binary search. 


Insertion sort is an O(n Ign) sort. 


2. 


{20 Marks] 
Each part of this question is worth two marks. 


(a) Write \/In(a3) as a C expression. 


(b) Write a statement that will assign to the int variable choice a random value from the set 
{25, 50, 75, 100}. 


(c) Simplify the following expression as much as possible: !(x == 0 && !(y != 0)) 


(d) How many asterisks will be printed by the following fragment? 
for(i = 2; i > -2; i--); 
printf ("**#\n") ; 


(e) Write 13425 as a base 10 numeral. 


(f) Trace a binary search as it seeks the value 52 in the array called list shown below. To show 
your trace, print the value of the array element examined at each stage of the search. 


0 i[S [6] 7] 8] 9 
4z [aa [as [50] 53} oo [71 | 74 [77 [81 | 83 | 88 [97 | 


(g) Suppose that an array initially contains the values {6,4,9,2,7}. If the array is to be sorted 
into ascending order using selection sort, show the contents of the array after each of the first 
two passes of the sort. 


(h) Suppose that an array initially contains the values {36 ,45,11,13,51,54,26}. If the array is 
to be sorted into ascending order using quicksort as discussed in class, show the contents of the 
array after the first pass of the sort. 


(i) What two features are common to every recursive process? 


(j) Arrange in ascending order: O(nlgn), O(1), O(2”), O(n?) 


[15 Marks} 

Three positive integers a, b, and c with a < b < c form a Pythagorean triplet if a? + b? = e. For 
example, 3, 4, and 5 form a Pythagorean triplet since 324-4? = 52. Write a program that first prompts 
the user for a positive integer (repeatedly if necessary). Once the user has provided a positive integer, 
the program then finds and prints all Pythagorean triplets whose largest. member is less than or equal 


to that integer. 


4. [15 Marks] 
Complete the definition of the function nearest so that it returns the index of the value in the array 
list that is nearest to the value of item. The value of the parameter listLength is the number of 


items in the array list. 
For example, if list = {50.3,17.2,21.0,25.5} and item = 22.1 then the function should return 2. 


int nearest (double list(], int listLength, double item) 


[15 Marks} 

Complete the definition of the function bestRally whose header is shown below. The parameter 
price gives a list of the daily closing prices of a stock and the parameter ListLength gives the length 
of the price array. A rally for a stock is defined as a period in which the closing price of the stock 
either increases or stays the same. The function should return the difference in the price of the stock 
in the rally with the largest increase in price. If the stock price never rises, the function should return 


zero. 


double bestRally (double price[], int listLength) 


(15 Marks] 
Complete the definition of the function Longest so that it returns the length of the longest word in 
the string s. Assume that s consists only of words separated by one or more blanks with no leading 


or trailing blanks. 


int longest (char ¥s) 


(15 Marks] 

Write a function that uses a variation of selection sort to find and print the five smallest values of an 
array in ascending order. The function should have two parameters: an int array called list and an 
int variable called listLength, the number of items in the list. If listLength is less than five, the 
function should print all the items in list in ascending order. Your function should be reasonably 
efficient. 


8. [7 Marks] 
Consider the recursive method whose definition is: 


int f Cint n) 


{ 
int result = 0; 
if (n != 0) 
if (n % 10 == 0) 
result = f(n/10); 
else 
result = 1 + f(n-1); 
return result; 
} 


(a) Evaluate f (3). 


(b) evaluate £f (203). 


(c) State in a few words (no more than ten) what f (n) determines for an arbitrary value of n. 


9. [8 Marks] 
Write a recursive function squareSum that has one parameter: an int value n. You may assume that 
n is non-negative. The function should return the sum of the squares of the digits of n. For example, 
squareSum(413) should return the value 26 because 4? + 12 +3? = 26. Note that your method must 
be recursive; no credit will be given for a non-recursive solution. 
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10. 


[15 Marks] 
Suppose that linked lists are maintained in the usual way seen in class with node structures defined 
as follows: 


typedef struct node 
{ 


int info; 
struct node *link; 
}Node, *NodePointer; 


Complete the definition of the function reverse whose header is shown below. The function should 
reverse the order of the nodes in the list whose head is pointed to by the parameter headPointer. 
You may, if you wish, assume the existence of a function newNode that allocates memory for a node 


and returns a pointer to that node. 


void reverse (NodePointer *headPointer) 
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Question 1 [28 Marks] 


1.1 [3 Marks] Write a single C statement that declares a 100 element type int array named list 
and initializes all of the elements to the value 0. 


1.2 [3 Marks] Write a single C statement that converts the character pointed to by a character 
pointer p (declared as char »*p) from lower case to upper case, assuming that it is a lower case 
letter in the alphabet before the statement is executed. C library functions are not allowed in your 
solution to this question. 


1.3 [3 Marks] The following C code uses the && (and) logical operator. Using de Morgan's law, 
re-write the code so that it uses the | | (or) and ! (not) logical operators instead of the && operator. 


if ((j > 3) && (k > 2)) 


q++; 


1.4 [3 marks] The following function is supposed to create an identical copy of the string in the 
array p: 


char «duplicate (const char p[]) 


{ 
char *q; 
strcpy (q, p); 
return q; 

} 


The function will not work correctly as given. Modify one statement in the function to make it 
work correctly. 


1.5 [4 Marks] State whether the following relational expressions are true or false: 


Expression Answer | 


1.6 [4 Marks] Let colour be the following structure: 


struct colour 


{ 


int red; 
int blue; 
int green; 


bi 


Write a single C statement that declares a const variable named MAGENTA of type struct colour 
whose members are initialized to the values 255, 0, 255, respectively. That is, the member red is 
initialized to 255, blue is initialized to 0, and green is initialized to 255. 


1.7 [4 Marks] Write a single C statement that determines an odd random integer between —99 and 
49 inclusive, and then assigns it to an int variable r that has already been declared. 


1.8 [4 marks] When executing the binary search algorithm on a list of sorted data, would it be 
preferable to have the list stored in an array or in a linked list, or does it not matter? Explain your 
response. 


Question 2 [6 Marks] 


Write the output from an execution of the following C program in the box below. 


#include <stdio.h> 
#include <string.h> 


void printPattern (char +s) 
{ 

int j = strlen(s)j; 

int k, 1; 


for (k = 0; k < j; k++) 

{ 
print£("%Ss", s+k); 
for (i =j - 1; i >= Kk; i--) 

printf ("%c",«(s+i)); 

printf ("\n"); 

} 

} 


int main (void) 


{ 


char +t = "apsl05"; 
printPattern(t) ; 


} 
Output: 


Question 3 [6 Marks] 


Write the output from an execution of the following C program in the box below. 


#include <stdio.h> 


void enigma (int n) 


printf ("Sd", n%2) ; 


int main (void) 


{ 
enigma (13) ; 
printf ("\n") ; 
return 0; 


} 
Output: 


Question 4 [6 Marks] 


In the English alphabet, each letter is classified as being either a vowel or a consonant. In English, 
the vowels are the letters a, e, i, o, u and y. 


Write a C function named isVowel (char ch) that returns true if ch stores a lower-case En- 
glish vowel and false otherwise. Then write a C function named isConsonant (char ch) 
that returns true if ch stores a lower-case English consonant and false otherwise. 

In both functions, assume that ch holds a lower-case letter from the English alphabet. 


Write the functions in the appropriate spaces below. 


bool isVowel (char ch) 


{ 


} 


bool isConsonant (char ch) 


{ 


Question 5 [6 Marks] 


Complete the definition of the C function maxCount whose prototype is shown below. The func- 
tion should return the number of times that the global maximum appears in the array list. The 
global maximum is defined to be the number in the array with the largest value. For example, in 
the list 3,9, 7,5, 9,8, 2,4,9, the global maximum is 9 and it appears 3 times. The maxCount func- 
tion returns 3 in this case. Assume that list has at least one element. The number of elements in 
the array is given in the variable length. 


int maxCount (int list[], int length) 


{ 


Question 6 [8 Marks] 


A Mersenne number is a positive integer that is one less than a power of two. For example, the 
nth Mersenne number, Mn, is: 


M, = 2" -1 


A prime number is a positive integer that has exactly two distinct positive integer divisors, namely 
1 and itself. The number 1 is, by definition, not a prime number. 


A Mersenne prime is a Mersenne number that is prime. The number 3 is the smallest Mersenne 
prime, because 3 is a prime number, and 22 — 1 = 3. As of October 2008, less than 50 Mersenne 
primes are known. Write a complete C program that finds and prints the 5 smallest Mersenne 
primes, each by itself on a line. You may use any of the C math library functions in your solution. 


int main (void) 


{ 


10 


Question 7 [8 Marks] 

The following C function sorts an array named list of int values into ascending (nondecreasing) 
order. The function parameter listLength gives the number of elements in the array to be 
sorted. Observe that the function continues to execute even if the initial array is in sorted order or 
if the array becomes sorted part way through the function’s execution. Re-write the sort function, 
modifying it so that the function finishes the sorting process as soon as it is discovered that the 
array is in sorted order. 


Note: You must modify the sorting algorithm below and not use a different sorting algorithm. 


void sort (int list{], int listLength) 


{ 


int bottom; 
for (bottom = 0; bottom < listLength - 1; bottom++) 


{ 


int smallestLoc = bottom; 
int i; 


for (i = bottom + 1; i < listLength; i++) 


{ 


if (list[i] < list [{smallestLoc] ) 
smallestLoc = i; 


} 


int temp = list [bottom] ; 
list [bottom] = list [smallestLoc] ; 
list [smallestLoc] = temp; 


} 
} 


void sort (int list[], int listLength) 


{ 
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Question 8 [8 Marks] 
A degree n-polynomial of the form: 


p(x) = ao + aT + aT? +--+» + az +--+ + ana” 


can be evaluated efficiently using a technique known as Horner’s rule. Horner’s rule avoids com- 
puting the numerous 2’ values explicitly, by rewriting and evaluating p(z) in the following form: 


p(x) = a9 +x x (a, + 2x (ag + 2X ( (a+r xX (+++ (Qn-1 + & X (an) 


Complete the definition of the function horner with the following prototype: 
double horner (double a[], int n, double x) 


so that it uses Horner’s rule to evaluate a polynomial. The first parameter is an array of coefficients 
of the polynomial, the second is the degree of the polynomial, and the third is the value of z 
at which the polynomial is to be evaluated. The array a has n + 1 elements, corresponding to 
a0, Al,- -3 n- 


Your solution must be recursive. A non-recursive solution will earn no marks. You may use a 
helper function in your solution. 
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Question 9 [8 Marks] 


For data compression and other purposes, we often need to look for runs (or sequences) of re- 
peated characters in data. For example, in the string 


abbbbccdeeeeef 


there is a run of 4b’s, a run of 2 c’s and a run of 5 e’s. We also consider that the a, the d, and the 
f are all runs of length 1. 


Write a C function named compressString that, given an input character string, prints a possi- 
bly compressed representation of the input character string. The new representation is determined 
by counting the lengths of runs of a single character, as demonstrated below: 


e Given the string "abbbbccdeeeeef", compressString prints la4b2cld5el1f followed 
by ’\n’. 


e Given the string "a", compressString prints 1a followed by ‘\n’. 


e Given the string "2222222222222222222222222z2", compressString prints 26z fol- 
lowed by ‘\n’. 


e Given the string "xxbbbxx", compressString prints 2x3b2x followed by ‘\n’. 


e Given the string "aaAa", compressString prints 2a1Al1a followed by ‘ \n’. (Upper-case 
and lower-case letters are different.) 


e Given the string "", compressString only prints ’\n’. 


Write your compressString function below. State any assumptions that you make. 


void compressString (const char striIn[]) 


{ 
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Question 10 [8 Marks] 


Complete the definition of a non-recursive function called copy, so that it returns an exact copy 
of the linked list that is pointed to by the pointer variable head, which is given as a parameter. 
Assume that the Node structure and the newNode function have already been defined as follows. 


typedef struct node 
int info; 
struct node «link; 
} Node, «*NodePointer; 


NodePointer newNode (int item, NodePointer next) 
{ 
NodePointer p = (NodePointer) malloc (sizeof (Node) ) ; 
if (p != NULL) 
{ 
p->info = item; 
p->link next; 


} 


return p; 


} 


NodePointer copy (NodePointer head) 


{ 


16 


- Question 11 [8 Marks] 


In this question, you are to write a C function that joins together two sorted linked lists of type 
Node structures, to produce a sorted linked list that contains the union of the two lists. 


Assume that both of the given linked lists are sorted in increasing order and that both of the linked 
lists do not contain duplicate values. However the same value might appear in nodes in both lists, 
in which case only one of the nodes should be placed in the combined list and the other node 
should be deallocated using the free function. 


The parameters to the join function are two NodePointer variables. The first parameter points 
to the first node in the first list, while the second parameter points to the first node in the second 
list. The join function returns a pointer to the combined list. 


For example, if the first list contained nodes storing the numbers 0, 1,3, 4,5, 6 and the second list 
contained nodes storing the numbers 2,4, 6,8, 10,12, 13, the list returned by the join function 
would contain nodes storing the numbers 0,1, 2,3, 4, 5, 6, 8, 10, 12, 13. 


No new nodes should be created in your solution. If both lists are empty, the join function should 
return an empty list. 


typedef struct node 


int info; 
struct node «link; 
} Node, *NodePointer; 


NodePointer join (NodePointer headl, NodePointer head2) 


{ 
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Question 1 [20 Marks] 


Answer each of the following questions with a short and concise solution. 


[2 Marks] Write \/In(z¥) + 4.5 as a C expression. 


[2 Marks] How many asterisks will be printed by the following code? 
for(int i = 3; i > -4; i-=2); 
printf("*"); 


[2 Marks] What does lazy evaluation mean? Please explain the concept with one example. 


[3 Marks] Write a C statement that will assign to the int variable choice a random number 
from the set {25, 50, 75, 100}. 


[3 Marks] Write two lines of C program to implement the following stringCopy function, 
which copies from the source string to the destination string, both in the parameters. 
You will not receive partial marks if you have more than two lines in your solution. 


void stringCopy(char » destination, const char » source) 


{ 


} 
[4 Marks] What is the output of the following C program? 


char xp = "Sample"; 
printf("%s\n",pt2); 
printf("$c\n",*p); 
printf("Sc\n",*«(pt2)); 
printf("%c\n",*pt2)); 


[4 Marks] What is the output of the following C program if the following command line is 
entered? 


stuff foo bar 


#include <stdio.h> 
int main (int argc, char *argv[]) 


{ 
int i; 
for (i = 0; i < argc; i ++) 
printf("%s ",*argv + i); 
printf("\n"); 
for (i = 0; i < argc; i ++) 
printf("%s ",*(argv + i)); 
printf("\n"); 
for (i = 0; i < argc; i ++) 
printf("%s ",«*(argv + i) + i); 
printf("\n"); 
for (i = 0; i < argc; i t+) 
print£("Sc ",*(*{argv + i) + 1)); 
printf("\n"); 
} 


Question 2 [5 Marks] 


Write a function countBlank that returns the number of blank spaces (’ ') in a given string s 
as a parameter. For example, if the given string is "Let's have a rest", the function returns 
3, as the string contains three blank spaces. 


int countBlank(char > s) 


Question 3 [5 Marks] 


The number 6 is said to be a perfect number because it is equal to the sum of all its exact divisors 
(other than itself). 


=14+2+3 


In this example, 1, 2, and 3 are all exact divisors of 6 (there is no remainder when 6 is divided by 
these numbers), and are the only exact divisors of 6, except 6 itself. 


Write a complete C program that finds and prints three smallest perfect numbers, each on its own 
line. 


Question 4 [10 Marks] 

Complete the definition of the function nearest so that it returns the index of the value in the 
integer array list that is nearest to the value of item. The value of the parameter size is the 
number of items in the array list. 

For example, if list is {50,40,21,13,35} and itemis 44 then the function should return 1 
You can assume that there will not be two integers in the array that are equally near to the value 
of item. 


int nearest(int list[], int size, int item) 


Question 5 [10 Marks] 

Complete a recursive implementation of the function printPattern so that it will print the 
pattern shown below, with the given number of rows passed in as a parameter. For example, if 
printPattern(5) is called, the function should produce the following output. 


KKKEKK 
kkkk 
kkk 


k* 


Your implementation should not use a loop. You may assume that the parameter rows is always 
positive. 


Hint: The function printPattern will need to call another function (for example printRow), 
which prints the asterisks in each row. 


void printPattern(int rows) 


Question 6 [10 Marks] 


Complete a recursive implementation of the function search, which takes a string s and a char- 
acter c as its parameters, and returns the index of the first occurrence of the character c in the 
string s. For example, if c is ʻo’ and s is "Toronto", then the function search returns 1. If the 
character is not found or the string is an empty string, the function search returns -1. 


int search(char » s, char c) 


Question 7 [10 Marks] 


Complete a recursive implementation of the function binarySearch, which performs binary 
search to look for an integer item on an array of integers, sorted in ascending order. The param- 
eter size is the number of items in the array. The function returns the index of the item if it is 
found, and returns -1 if it is not found. 


int binarySearch(int list[], int size, int item) 
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Question 8 [10 Marks] 


Write a function bubbleSort that sorts an array of integers in descending order. The array and its 
size are both given as parameters. 


void bubbleSort(int list[], int size) 
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Question 9 [10 Marks] 


Suppose that linked lists are maintained in the usual way introduced in the lectures, with node 
structures defined as follows: 


typedef struct node 
{ 

int info; 

struct node *« link; 
} Node; 


Complete the definition of the function deleteFromFront. The function should take the linked 
list as a parameter, and delete the first node in the linked list. The function should not have any 
return values, i.e., it has a return type of void. If the list is already empty, the function should do 
nothing. 
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Question 10 [10 Marks] 


Suppose that linked lists are maintained in the usual way introduced in the lectures, with node 
structures defined as follows: 


typedef struct node 
{ 

int info; 

struct node * link; 
} Node; 


Complete the definition of the function addAtEnd. The function should take the linked list as a 
parameter, and add a new node to the end (or tail) of the linked list. The info field of the new 
node is assigned the integer item, given as a parameter. The function should not have any return 
values, i.e., it has a return type of void 


void addAtEnd(Node « head, int item) 
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Question 1 (28 Marks] 


1.1 [3 Marks] Describe one disadvantage of using a linked list instead of an array to store a list of 


values in a computer program. 


1.2 [3 Marks] What output does the following program fragment produce? 


int i = 9384; 

do 

{ 
printf("sd ", i); 
i /= 10; 

} while (i > 0); 


1.3 [3 Marks] Write a single C statement that declares a type int array named list with 100 ele- 
ments, such that the first 5 array elements are initialized to contain the values1, 2, 3, 4, 5, 
respectively, and the remaining elements are initialized to 0. 


1.4 [3 marks] A student in APS 105 has written the following function to rotate the values of 
3 double variables. When x is 1.0, y is 5.0 and z is 3.5, the student wants the function call 
rotate3Nums (x,y,z) to change the values of x, y and z to be 5.0, 3.5 and 1.0, respectively. As 
written, the function call does not produce the correct result. Fix the errors in the function. After 
fixing the errors, how would you call rotate3Nums to rotate x, y, and z? 


void rotate3Nums (double numl, double num2, double num3) 
{ 

numl = num2; 

num2 num3; 

num3 = numl; 


1.5 [4 Marks] Consider the following C code fragment: 


typedef struct record 
{ 

int x, Y; 

} Record; 


Record a; 
Record *p = &a; 


State which of the following assignment statements are legal and which are illegal after the frag- 
ment above has been executed? 


1.6 [4 Marks] Suppose that an array initially contains the values {8, 4, 2, 7, 3}. Ifthe array 
is being sorted into ascending order using insertion sort, show the contents of the array as it would 
appear after each of the insertion sort passes. 


1.7 [4 Marks] Will the following complete C program run successfully? If your answer is yes, 
show the output from running this program. If your answer is no, explain the reason. 


#include <stdio.h> 


int main (void) 
{ 

int *x; 

int result; 


«x = 0; 
result = +X; 
printf("%d", result); 


1.8 [4 Marks] What output does the following program produce? 
#include <stdio.h> 


void f (int xi, int j) 
{ 

int n = 10; 

printf("Entering f: i=%d, j=td\n", *i, j); 

xi = 20; 

j = 30; 

i = &j; i 

printf("Exiting f: i=%d, j=%d, n=td\n", *i, j; n); 
} 


int main (void) 
{ 
int i=0, j=l, n=2; 
f(&n, j); 
printf ("In main: i=%d, j=%d, n=%d \n", i, j, n); 
return 0; 


Question 2 [6 Marks] 
Consider the following C program: 


#include <stdio.h> 


int main (int argc, char» argv[]) 


{ 
int i; 
for (i = 0; i < argc; i++) 


printf("%s %s\n", argv[i], argv[i]+i); 


} 


return 0; 


} 


Given that the program is contained in a file named prog.c and is compiled using the gec com- 
piler with the following command line: l 


gcc prog.c -o my_program 
What output is produced when the program is executed with the following command line: 


./my_program hello world 


Question 3 [6 Marks] 


The ceiling of a double value is the smallest integer greater than or equal to it. For example, the 
ceiling of 3.12 is 4. Write a C function named ceiling, the prototype of which is given below, 
that has a single type double parameter named num and returns its ceiling. You are not allowed 
to use any math functions. 


int ceiling (double num) 


{ 


Question 4 [6 Marks] 


Assume that the date structure contains three members: month, day, and year (all of type int). 
Write a C function named compareDates, the prototype of which is given below, that returns -1 
if d1 is an earlier date than d2, 1 if d1 is a later date than d2, and 0 if d1 and d2 are the same. 
Assume d1 and d2 contain valid dates 


int compareDates (struct date dl, struct date d2) 


{ 


Question 5 [6 Marks] 


Write a C function named countDistinct, the prototype of which is given below, that has two 
parameters. The parameter list is an integer array already sorted in ascending (nondecreas- 
ing) order, and the parameter listLength gives the number of elements in list. The function 
counts and returns the number of distinct elements in list. 


For example, if list is {1, 1, 3, 3, 3, 3, 6, 8, 8, 9, 9, 9, 9, 9}, the function re- 
turns 5, as list has 5 distinct elements. 


int countDistinct (int list[{], int listLength) 
{ 


Question 6 [8 Marks] 
The first 7 rows of Pascal's triangle are: 


1 

1 1 

1 2 1 

1 3 3 1 

1 4 6 4 1 

1 5 10 10 5 1 

1 6 15 20 15 6 1 


Each interior number in the triangle is the sum of the number directly above it and the number 
above and to the left of it. For example, the first number 15 in the last row is computed by adding 
10 and 5. 


Write a complete C program that computes the first 10 rows of Pascal’s triangle and prints it in 
the format shown above. Store the Pascal’s triangle numbers in an array having 10 rows and 10 
columns. To get the numbers to appear properly, use the print format %6d. The %6d format prints 
an integer in decimal, using a width of at least 6 character positions. 


-int main (void) 


{ 
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Question 7 [8 Marks] 


Write a recursive C function named count, the prototype of which is given below, that returns 
the number of occurrences of a character c ina string s. For example, 


count("Toronto", ‘t’) should return 1, 
count("Toronto", 'o' ) should return 3. 


Note: You must make use of recursive functions. No credit will be given for a solution that uses 
while-, for- or do- loops. 


int count (char s[], char c) 


{ 
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Question 8 [8 Marks] 


Write a C function named mingle, the prototype of which is given below, that has two parameters 
named str1 and str2. Assume that both strings have the same length. The function creates and 
returns a new string that contains the characters from str1 and str2 in an interleaved fashion, 
beginning with the first character from str1. For example, if str1 were "ABC" and str2 were 
"xyz", the function creates and returns a new string containing "AXBYCZ". 


You may use library functions from string-h in your solution. You may assume that the argu- 
ments are equal sized strings. 


char «mingle (char strl{], char str2[]) 


{ 
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Question 9 [8 Marks] 

Write a C function named cocktailSort, the prototype of which is given below, that has two 
parameters. The parameter list is an integer array and the parameter listLength gives the 
number of elements in list. The function sorts the given array in ascending (nondecreasing) 
order, following a slight variation of the bubble sort algorithm, called the Cocktail sort. Instead of 
repeatedly passing through the list from bottom to top as in each iteration of bubble sort, Cocktail 
sort passes alternately from bottom to top and then from top to bottom. Similar to bubble sort, the 
sorting algorithm stops as soon as it is detected that the array is sorted. 


void cocktailSort (int list[], int listLength) 
{ 
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Question 10 [8 Marks] 

Write a C function named splitList, the prototype of which is given below. The function re- 
ceives two parameters: a pointer to a pointer to the head of a linked list (called headPtr), and an 
integer s. The function must split the given linked list into two linked lists, and return a pointer to 
the head of the second linked list. The first linked list contains the nodes from the original linked 
list, in their original order, up to but not including the node containing the value s. The second 
list contains the node containing the value s and the nodes from the original list that follow this 
node, in their original order. The first linked list is pointed to by »headPtr. A pointer to the head 
node of the second linked list is returned by the splitList function. 


For example, if the original linked list contained nodes with values 5, 1, 9, 7, and s were 
9, then the original linked list would be modified by splitList to contain nodes with values 
5, 1. A pointer to a second linked list containing nodes with values 9, 7 would be returned by 
splitList. 


No new nodes should be created in your solution. If the original linked list does not contain s, the 
function should not alter the original list and should return NULL. You may assume that items in 
the original list are unique (no duplicates). 


typedef struct node 
{ 


int info; 
struct node *link; 
} Node, *NodePointer; 


NodePointer splitList (NodePointer xheadPtr, int s) 
{ 
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Question 11 [8 Marks] 

Write a C function named deleteRange, the prototype of which is given below. The function 
receives three parameters: a pointer to the head of a linked list (called head), and two integers 
low and high. The function alters the linked list that is passed in as an argument by delet- 
ing all of the nodes having values in between low and high (inclusive). The function returns a 
pointer to the head of the altered list. For example, if the linked list head contains nodes with val- 
ues 1, 5, 2, 13, 5, 19, 8, low = 5 and high = 13, then the deleteRange function 
returns a linked list containing nodes with values1, 2, 19. Nonew nodes should be created in 
your solution. 


typedef struct node 
{ 


int info; 
struct node «link; 
} Node; 


Node *deleteRange (Node *head, int low, int high) 
{ 
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Question 1 [28 Marks] 


1.1 [3 Marks] Describe one disadvantage of using linked lists versus arrays. 


Solution: To find the ith element in a linked list, we need to traverse the list, while with arrays we 
have fast (random) access to each element (i.e. arname [i]). 


1.2 [3 Marks] What output does the following program fragment produce? 


int i = 9384; 

do 

{ 
printi (msd Tp. 1); 
i /= 10; 

} while (i > 0); 


Solution: 
9384 938 93 9 


1.3 [3 Marks] Write a single C statement that declares a type int array named list with 100 el- 
ements, such that the first 5 array elements are initialized to contain the values 1, 2, 3, 4, 5 
and the remaining elements are initialized to 0. 


Solution: 
int list[100] = {1, 2, 3, 4, 5}; 


1.4 [3 marks] A student in APS 105 has written the following function to rotate the values of 3 
double variables. For example, if x is 1.0, y is 5.0, and z is 3.5, after calling rotate3Nums (x, 
y, z) he wants the value of x to become 5.0 (i.e., y), y to become 3.5 (i.e., z), and z to become 1.0 
(i.e., x). As written, the code is incorrect. Fix all the problems in the code. 


void rotate3Nums (double numl, double num2, double num3) 
{ 


numl = num2; 
num2 = num3; 
num3 = numi; 
} 
Solution: 


void rotate3Nums (double *«numl, double *num2, double x*num3) 
{ 


double tmp = *numl1; 
*«numl = *num2; 
xnum2 = xnum3; 
xnum3 = tmp; 


1.5 [4 Marks] Consider the following C code fragment: 


struct record 
{ 


int xX, Yy; 


}} 


struct record a; 
struct record *p = &a; 


State which of the following assignment statements are legal and which are illegal after the frag- 
ment above has been executed? 


Solution: 
Statements Answer 
px = 3? illegal 
(*p).x = 3; legal 
a->y = 4; illegal 
p->x = (&a)->y; legal 


1.6 [4 Marks] Suppose that an array initially contains the values {8, 4, 2, 7, 3}. Ifthe array 
is to be sorted into ascending order using insertion sort, show the contents of the array as it would 
appear after each of the required passes in insertion sort. 


Solution: 
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1.7 [4 Marks] Will the following complete C program run successfully? If so, show the output after 
running this program. Otherwise, if the program does not run successfully, explain the reason. 


#include <stdio.h> 


int main (void) 
{ 

int *x; 

int result; 


xx = 0; 
result = *x; 
printf("Sd", result); 


Solution: No, it will not run successfully, since the memory that the integer pointer a points to 
has not been allocated. 


1.8 [4 Marks] What output does the following program produce? 


void f(int xi, int j) 
{ 
int n = 10; 
printf ("Entering f: i=%d, j=%d\n", *i, Jj); 


xi = 20; 
j = 30; 
i = &j; 


printf ("Exiting f: i=%d, j=%d, n=%d\n", xi, j, n); 


int main (void) 
{ 
int i=0, J=1,. n=2; 
f(&n, j); 
printf("In main: i=%d, j=%d, n=%d \n", i, j, n); 
return 0; 


} 
Solution: 


Entering f: 1=2, j=1 
Exiting f: i=30, j=30, n=10 
In main: i=0, j=1, n=20 


Question 2 [6 Marks] 


The ceiling of a double value is the smallest integer greater than or equal to it. For example, the 
ceiling of 3.12 is 4. Write a complete C function ceiling, the prototype of which is given below, 
that receives a double parameter and returns its ceiling. You are not allowed to use any math 
functions. 


Solution: 


int ceiling(double num) 
{ 
int result; 
if (num > 0) 
result = num + 1; 
else 
result = num; 
return result; 


} 


Question 3 [6 Marks] 


Write a few C statements that take a phone number that is stored in alphabetic form in the string 
alpha and prints the phone number in numeric form. For example, if alpha contains the string 
"CALLATT", your statements should print 2255288. You may assume that the string ALPHA only 
contains uppercase letters between ‘A’ and ’ Y’, inclusive. 


Solution: 


int i; 
for ( i = 0; i < strlen (alpha); i++) 
{ 
char letter = alphal[i]; 
int digit = (letter-’A’)/3 + 2; 
printf("%Sd", digit); 
} 
printf ("\n"); 


Question 4 [6 Marks] 


Consider the following C program: 


#include <stdio.h> 


int main(int argc, char» argv[]) 
{ 
int i = 0; 
for (i = 0; i < argc; itt) 
{ 
printf£("%s %s\n", argv[i], argv[i]+i); 
} 


return 0; 


} 


Given that the program is contained in a file named prog.c and is compiled using the gcc com- 
piler with the following command line: 


gcc prog.c -o my_program 
What output is produced when the program is executed with the following command line: 
my_program hello world 


Solution: 


my_program my_program 
hello ello 
world rld 


Question 5 [6 Marks] 


Assume that the date structure contains three members: month, day, and year (all of type int). 
Write a complete C function compareDates, the prototype of which is given below, that returns 
-1 if d1 is an earlier date than d2, 1 if d1 is a later date than d2, and 0 if d1 and d2 are the same. 


Solution: 


int compareDates (struct date dl, struct date d2) 


int result; 
if (dl.year < d2.year) 


result = -1; 

else if (dl.year > d2.year) 
result = 1; 

else 


{ 
if (dl.month < d2.month) 


result = -1; 
else if (dl.month > d2.month) 
result = 1; 


else 


{ 
if (dl.day < d2.day) 


result = -1; 

else if (dl.day > d2.day) 
result = 1; 

else 
result = 0; 


} 


return result; 


Question 6 [8 Marks] 


The first 7 rows of Pascal's triangle are: 


1 

1 1 

1 2 1 

1 3 3 T 

I 4 6 4 1 

L 5 10 10 5 I 

1 6 15 20 T5 6 1 


Each interior number in the triangle is the sum of the number directly above it and the number 
above and to the left of it. For example, the first number 15 in the last row above is computed by 
adding 10 and 5. 


Write a complete C program that computes the first 10 rows of Pascal’s triangle and prints it in 
the format shown above. Store the Pascal’s triangle numbers in an array having 10 rows and 10 
columns. To get the numbers to appear properly, use the print format % 6d. The 26d format prints 
an integer in decimal, using a width of at least 6 character positions. 


Solution: 


int main (void) 

{ 
const int SIZE = 10; 
int matrix[SIZE] [SIZE]; 
int iy Jý 


for (i = 0; i < SIZE; i++) 
{ 


matrix[i] [0] = 1; 
matrix[i] [i] = 1; 
for (j = 1; j < i; j++) 
{ 
matrix[i] [j] = matrix[i-1][j-1] + matrix[i-1] [j]; 


for (i = 0; i < SIZE; i++) 


for (j = 0; j <= i; j++) 
printf ("s6d",matrix[i][j]); 


printf (Nnr); 


return 0; 


Question 7 [8 Marks] 


Write a recursive C function named count, the prototype of which is given below, that returns 
the number of occurrences of a character c in a string s. For example, 


count ("Toronto", t’) should return 1, 
count ("Toronto", ’0o’) should return 3. 


Note: You must make use of recursive functions. No credit will be given for a solution that uses 
while-, for- or do- loops. 


Solution: 


int count (char s[], const char c) 
{ 


if (s[0] == ’\0’) 
{ 
if (c == /\0’) 
return 1; 
else 


return 0; 


} 


else 
{ 
if (s[0] == c) 
return (1 + count (&s[1], c)); // or replace &s[1] by s+1 
else 
return count(&s[1], c); // or replace &s[1] by stl 
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Question 8 [8 Marks] 


Write a complete C function named mingle, the prototype of which is given below, that receives 
two equal sized character strings (st r1 and st r2) as parameters. The function must create and 
return a new string that contains the characters from str1 and st r2 in an interleaved fashion, 
beginning with the first character from st r1. For example, if str1 were "ABC" and str2 were 
"XYZ" the function must create and return a new string containing "AXBYCZ". 


You may use library functions from string.h in your solution. You may assume that the argu- 
ments are equal sized strings. 


Solution: 


char *mingle(char strl[], char str2[]) 


{ 


char *newString = (char *)malloc( 
sizeof (char) «(strlen(strl1) + strlen(str2) + 1)); 
int i = 0; 
while («strl != ’\0’) 
{ 
newString[i] = *strl; 
it+; 
newString[i] = *str2; 
i++; 
strl++; 
str2++; 


} 


return newString; 
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Question 9 [8 Marks] 


Write a complete C function named cocktailSort, the prototype of which is given below, that 
receives an integer array list and its size listLength as its parameters. The function sorts the 
given array in ascending (nondecreasing) order, following a slight variation of the bubble sort al- 
gorithm, called the Cocktail sort. Instead of repeatedly passing through the list from bottom to top 
in each iteration of bubble sort, Cocktail sort passes alternately from bottom to top and then from 
top to bottom. Similar to bubble sort, the sorting algorithm stops as soon as the array is sorted. 


Solution: 


void cocktailSort (int list[], int listLength) 
{ 

bool goingUp = true; 

bool sorted = false; 

int bottom = 0, top = listLength - 1, i; 


while (bottom < top && !sorted) 
{ 
sorted = true; 
if (goingUp) 
{ 
for (i = bottom; i < top; itt) 
if (list[i] > list[i+1]) 
{ 
int temp = list[i]; 
list[i] = list[i+1]; 
list[i+1] = temp; 
sorted = false; 
} 
top-—-; 
goingUp = false; 
} 
else 
{ 
for (i = top; i > bottom; i--) 
if (list[i-1] > list[i]) 
{ 
int temp = list[i-1]; 
Dist ist] = List [ily 
list[i] = temp; 
sorted = false; 
} 
bottomt++; 
goingUp = true; 
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Question 10 [8 Marks] 


Write a complete C function named splitList, the prototype of which is given below. The func- 
tion receives two parameters: a pointer to a pointer to the head of a linked list (called headPtr), 
and an integer s. The function must split the linked list parameter’s argument into two linked 
lists, and return a pointer to the head of the second linked list. The linked list must be split such 
that the head node of the second linked list contains the value s. For example, if the original linked 
list contained nodes with values 1, 5, 7, 9,ands were 7, then the original linked list would 
be modified by splitList to contain nodes with values 1, 5. A pointer to a second linked list 
containing nodes with values 7, 9 would be returned by splitList. 


If the original linked list does not contain s, the function should not alter the original list and 
should return NULL. You may assume that items in the original list are unique (no duplicates). 


typedef struct node 
{ 

int info; 

struct node «link; 
} Node, *NodePointer; 


Solution: 


Node *xsplitList (NodePointer xheadPtr, int s) 


{ 
Node*x head = xheadPtr; 


if (head == NULL) 
return NULL; 
if (head -> info == s) 


{ 
xheadPtr = NULL; 
return head; 


Node * prev head; 
Node * curr = head -> link; 


while ((curr != NULL) && (curr -> info != s)) 
{ 

prev = curr; 

curr = curr -> link; 


prev -> link = NULL; 
return curr; 
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Question 11 [8 Marks] 


Write a complete C function named deleteRange, the prototype of which is given below. The 
function receives three parameters: a pointer to the head of a linked list (called head), and two 
integers low and high. The function alters the linked list that is passed in as an argument by 
deleting all of the nodes having values in between low and high (inclusive). The function re- 
turns a pointer to the head of the altered list. For example, if the linked list head contains nodes 
with values 1, 5, 2, 13, 5, 19, 8, low = 5 and high = 13, then the returned linked 
list would be modified by delet eRange to contain nodes with values 1, 2, 19. 


typedef struct node 
{ 

int info; 

struct node x*link; 
} Node; 


Solution: 


Node *xdeleteRange (Node xhead, int low, int high) 
{ 


while (head != NULL && head -> info >= low && head -> info <= high) 
{ 

Node «temp = head; 

head = head -> link; 

free (temp); 
} 
if (head != NULL) 
{ 

Node *xcurrent = head -> link; 

Node *previous = head; 

while (current != NULL) 

{ 

if (current -> info >= low && current -> info <= high) 


{ 


previous -> link = current -> link; 
free (current); 
current = previous -> link; 
} 
else 
previous = current; 
current = current -> link; 


} 


return head; 
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Name SS SSS a ee 


Student Number —_ ~ — — ecf login 


[10 Marks] 


Circle the correct answer for each of the following statements. You will get one mark for each correct 
answer, you will get zero for each question left blank, and you will get -4 mark for each incorrect 


answer. 


(a) True or False: 
(b) True or False: 
(c) True or False: 
(d) True or False: 


(e) True or False: 


(f) True or False: 


(g) True or False: 


(h) True or False: 


(i) True or False: 


(j) True or False: 


A C compiler will recognize all syntax errors in a program. 
The value of the expression (int) 1.8+*0.6 is 1 

The Sed ea i *= j + 2; is equivalent toi = i*j + 2; 
The operator < has higher precedence than the operator | | 


Whenever a for loop is executed, the statement in the body of the loop is 
always executed at least once. 


In a function call, the type of the argument does not have to be identical to 
the type of the parameter. 


The value of the expression stremp("star","start") is negative. 


If s is a pointer to a string whose value is "sample", then the statement 
printf("%c",list+2); will print m. 


In order to be able to perform a binary search on a list, the items must be 
arranged in order. 


Recursive functions are usually more efficient than non-recursive ones. 


2. 


[20 Marks] 


Each part of this question is worth two marks. 


(a) Write sin ,/|z| as a C expression. 


(b) Write a statement that will assign to the int variable choice a random value from the set 
{10, 15, 20, 25, 30}. 


(c) Write the simplest possible expression that is equivalent to the expression 
'(a >= b || b >= c) 


(d) Write 21034 as a base 10 numeral. 


(e) Write 283 as a base 4 numeral. 


(f) Trace a binary search as it seeks the value 80 in the array called list shown below. To show 
your trace, print the value of the array element examined at each stage of the search. 


index [0] 1]2[3]4[5[6][7[8]9 [WN Rl a] 
a0 | a8] 70 | 78 82 | 88] 90] 95 


(g) Suppose that an array initially contains the values {8,2,4,7,3}. If the array is to be sorted 
into ascending order using insertion sort, show the contents of the array after each of the first 
two passes of the sort. 


(h) Suppose that an array initially contains the values {5,3,8,4,2}. If the array is to be sorted 
into ascending order using selection sort, show the contents of the array after each of the first 
two passes of the sort. 


(i) Suppose that an array initially contains the values {54,60,17,40,87,20,72}. If the array is 
to be sorted into ascending order using quicksort as discussed in class, show the contents of the 
array after the first pass of the sort. 


(j) The diagram shows a binary tree. In what order would the nodes be visited by a postorder 
traversal? 


AS 


3. [15 Marks] 


The number 153 has the property that it is equal to the sum of the cubes of its digits: 1354+-53+33 = 153. 
Write a complete program that will find and print all the three-digit natural numbers that have this 


property. 


4. 


[15 Marks] 
Write the definition of a function leastFactor that has one int parameter, n. If n > 1, the function 
should return the value of the smallest prime factor of n; otherwise, it should return the value zero. 


` (A prime number is a positive integer with exactly two factors: one and the number itself.) 


[15 Marks} 

Complete the definition of the function closest whose header is shown below. The function should 
return the smallest non-negative difference between values in the int array list. The number of 
items in the array is given by listLength. If the array has fewer than two values, the method should 
return zero. 


As examples, 
if list = {3,13,20,10} the function should return the value 3 (13 and 10 are closest) 
if list = {-4,5,2,-8,7,-1} the function should return the value 2 (5 and 7 are closest) 
if list = {-5,7,-5,4} the function should return the value 0 (—5 and —5 are closest) 


int closest (int list[], int listLength) 


[15 Marks] 


Complete the definition of the function averageWordLength so that it returns, as a double value, the 
average length of the words in the string s. Assume that s consists only of words separated by one or 
more blanks with no leading or trailing blanks. You may also assume that there is at least one word 
in the string. 


double averageWordLength (char *s) 


7. 


8. 


[7 Marks} 
Consider the recursive method whose definition is: 
int f (int m, int n) 


{ 
int result; 
if (n == 0) 
result = 0; 
else 
result = m + f(m,n-1); 
-return result; 


} 


(a) Evaluate £(3,2). 
(b) Evaluate f (2,4). 


(c) State in a few words (no more than ten) what f (m,n) determines for arbitrary values of m and n. 


[8 Marks] 
Write a recursive function that returns the number of occurrences of a character c in a string s. The 
function should have the header: int count (char *s, char c) 


As examples, 
count ("Toronto",’t’) should return 1 
count ("Toronto",’o’) should return 3 


Note that your function must be recursive. No credit will be given for a non-recursive solution. 


[15 Marks] 


Suppose that linked lists are implemented in the usual way seen in class with node structures defined 
as follows: 


typedef struct node 
{ 


int info; 
struct node *link; 
}Node, *NodePointer; 


Complete the definition of the function deleteLessThan whose header is shown below. The function 
should delete all nodes whose info values are less than item from the list whose head is pointed to 
by the parameter headPointer. 


void deleteLessThan (int item, NodePointer *headPointer) 
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10. [15 Marks] 


Suppose that binary trees are implemented in the usual way seen in class with node structures defined 
as follows: 


typedef struct node 
{ 


int info; 
struct node *1Child, *rChild; 
}Node, *NodePointer; 


If a binary tree is a binary search tree, this makes it easy to search for an item in the tree. It is still 
possible, however, to search for an item in a binary tree that is not organized as a binary search tree. 
Complete the definition of the function isInTree whose header is shown below so that it returns the 
value true if and only if item is in the binary tree. Your function should not assume that the tree is 
a binary search tree. 


bool isInTree (int item, NodePointer root) 
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Question 1 [28 Marks] 
1.1 [3 Marks] Write a single C statement that prints the following message followed by a newline 
character: 


*/\/\* 


1.2 [3 Marks] Write a single C statement that declares an int array named values that has 5 
elements. Each of the 5 elements should be initialized to 99. 


1.3 [3 Marks] Write a single C statement that declares a char type variable named encoded and 
initializes it. The initial value for encoded depends on the value of another char type variable 
named c that has already been declared and assigned an upper case letter. The value of encoded 
should be initialized according to the following scheme: 


If cis ’2’, encoded should be initialized to ’A’. 
If cis ’Y’, encoded should be initialized to ’B’. 


If cis ’A’, encoded should be initialized to ' z’. 


1.4 [3 marks] The following C statement has been executed: 


typedef struct stuRec 

{ 
int stuNumber; 
char name [100]; 
double score; 

} StudentRecord; 


Write a single C statement that declares and uses malloc to allocate an array of type Student Record 
that has 42 elements. The array should be named sRecords. 


1.5 [4 Marks] Consider the following C code fragment: 
int list[4] = {0}; 


int *p = list; 
ptt; 

xp = p - list; 
ptt; 

*p = p = list; 
p = &list[3]; 
xp = 4; 


Give the values of the array elements: 


Array element Answer 
list [0] 


list[1] 


list [2] 


list [3] 


1.6 [4 Marks] The following implementation of quicksort has errors in two statements. Fix the 
errors in the code so that the implementation of quicksort is correct. The parameter values is an 
int type array that must be sorted into ascending (nondecreasing) order. 


void gquickSort (int values[], int low, int high) 


{ 
int left = low; 
int right = high; 


if (left >= right) 
return; 


int pivot = values[left]; 
while (left < right) 
{ 
while ((values[right] >= pivot) && (left < right) ) 
right--; 


values[left] = values[right]; 


while ((values[left] <= pivot) && (left < right) ) 


left++; 
values[right] = values[left]; 
} 
values[left] = pivot; 


quickSort (values, low, left + 1); 
quickSort (values, high, right + 1); 


1.7 [4 Marks] Add C statements to the following C function to implement the bubble sort algo- 
rithm. The parameter values is an int type array that is to be sorted into ascending (nonde- 
creasing) order. The parameter n gives the number of elements in the array values. 


void bubbleSort (int values[], int n) 
{ 

bool sorted = false; 

int i, top; 


for (top =n - 1; top > 0 && !sorted; top-——) 
{ 


sorted 
for (i 
{ 

if (values[i] > values[i+l]) 


{ 


true; 
O; i < top; itt) 


1.8 [4 Marks] What output does the following program produce? 


#include <stdio.h> 


int aps105 (int n) 
{ 


int val; 
printf ("Entering %d\n", n); 
if (n == 1) 
val = 1; 
else 


val =n x apsl05(n-1); 
printf ("Leaving %d\n", n); 
return val; 


int main (void) 

{ 
int i; 
i = apsl105(2); 
printf ("Sd\n", i); 
return 0; 


Question 2 [6 Marks] 


Write a C function named reverse, the prototype of which is given below, that has two pa- 
rameters. The parameter list is an integer array that has already been sorted into ascending 
(nondecreasing) order, and the parameter length gives the number of elements in list. The 
function changes the order of elements in list from ascending to descending order. 


For example, if list is initially {1, 3, 3, 5, 7, 11, 13, 22, 34}, then, after the function 
call has completed, list should contain {34, 22, 13, 11, 7, 5, 3, 3, 1}. 


void reverse (int list[], int length) 


{ 


Question 3 [6 Marks] 


Write a C function named append, the prototype of which is given below, that returns the result 
from placing string s2 at the end of string s1. For example, if s1 contains "Toronto" and s2 
contains "Canada", the function append returns the string "TorontoCanada". You are not 
allowed to use the library function strcat from string.h in your solution. 


Note: Your function may not change string s1 or s2. 


char xappend (const char *sl, const char *s2) 


{ 


Question 4 [6 Marks] 


Write a C function having prototype void moveRight (int arr[], int length, int k) 
that moves the first (length - k) elements in array arr k places to the right and wraps the 
last k elements in array arr around to the left end of the array. 


Assume that 0 <= k < length and that array arr has length elements. 
For example, ifarr[] = {11, 22, 33, 44, 55, 66, 77, 88}, 
the callmoveRight (arr, 8, 3) changesarrto{66, 77, 88, 11, 22, 33, 44, 55}. 


void moveRight (int arr[], int length, int k) 
{ 


Question 5 [6 Marks] 


Complete one statement in the printPermutationsHelper function below so that the given 
program prints all permutations of the digits between 1 and n. For example, when the user enters 


the number 3, the program should output: 


123 132 213 231 312 321 


#include <stdbool.h> 
#include <stdio.h> 
bool digitDoesNotAppear (int digit, int number) 


{ 


} 


bool result = true; 
while (number > 0 && result) 


{ 


if (number % 10 == digit) 
result = false; 
number = number / 10; 


} 


return result; 


void printPermutationsHelper (int a, int b, int c) 


{ 


} 


if (c == 0) 
printf("Sd ", a); 
else 
for (int i= 1; i <= b; itt) 
{ 
if (digitDoesNotAppear(i, a)) 
// complete the statement in the box below 


void printPermutations (int n) 


int 


printPermutationsHelper (0, n, n); 
main (void) 

int n; 

scanf ("%d", &n); 


printPermutations (n); 
return 0; 
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Question 6 [8 Marks] 


The Sieve of Eratosthenes is an ancient algorithm for finding prime numbers. To use this algorithm 
to find all prime numbers less than a given integer, say 100, we start by making a list of consec- 
utive integers less than 100. We then take p = 2, the smallest prime number, and print it. We 
can eliminate all multiples of p less than 100, (2p, 3p, 4p,...) from the list. Since they are mul- 
tiples of p, they are not prime numbers. We then find the first number after p that has not yet 
been eliminated, as it must be the next prime number. We assign this prime number to p, print it, 
and eliminate its multiples from the list. We repeat this procedure until p? is greater than or equal 
to 100. The numbers that remain in the list are prime numbers, and we finish by printing them out. 


Write a C program that uses the Sieve of Eratosthenes algorithm to print all prime numbers less than 
100. Your implementation must not use the % operator. The output of your program should be: 


23°52 TL 13° LT 192329" 31 37 AL 43 Ay 53:59 61 6T TL 23. 79:83:89 97 


Hint: You may need to implement a “bitmap” of size 100 to keep information on whether an 
integer is prime or not. A “bitmap” is an array of integers containing only 0s and 1s. 


int main (void) 


{ 
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Question 7 [8 Marks] 


Write a complete C function named mergeSortedSt rings, the prototype of which is given be- 
low, that receives two alphanumerically ordered character strings (st r1 and st r2) as parameters. 
The function must create and return a new string that contains the characters from st r1 and str2 
and is alphanumerically ordered as well. For example, if str1 were "CEFHIJ" and str2 were 
"ABDG" the function must create and return a new string containing "ABCDEFGHIJ". You may 
assume that characters in the strings str1 and st r2 are distinct (i.e., the same character cannot 
appear in both strings). 


You may use library functions from string.h in your solution. Your function may not change 
string str1 or str2. 


Note: An alphanumeric character is a character that is either a letter or a number. If a string st r con- 
tains an alphanumerically ordered character string, then str[i] < str[j] wheneveri < j. 


char *mergeSortedStrings (const char *strl, const char xstr2) 


{ 
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Question 8 [8 Marks] 


Write a complete C function named minElementSort, the prototype of which is given below, 
that receives an integer array list and its size length as its parameters. The function sorts the 
given array into ascending (nondecreasing) order, following a slight variation of the selection sort 
algorithm, called the minimum element sort. The algorithm works as follows: It goes through the 
list, finds the smallest element and swaps it with the first element of the list. Then it finds the 
smallest element in the rest of the list and swaps it with the second element of the list. And so on. 
An example follows. 


If the input integer array list is: 
10 5 20 40 50 12 434 21 9 232 
then after calling the minElementSort function, the integer array list is: 


5 9 10 12 20 21 40 50 232 434 


void minElementSort (int list[], int length) 
{ 
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Question 9 [8 Marks] 


The sequence 2,6, 18,54, 162,... is said to be geometric since the result from dividing each term 
by the term that precedes it is always the same. In the given sequence, the common ratio is 3. A 
sequence with fewer than 2 terms is not geometric. 


Write a function named isGeomet ric that uses recursion to determine whether or not a length 
len sequence of integer values that are given in a type int array is a geometric sequence. 


Your solution must use recursion to solve the problem. You may use a “helper” function in your 
solution. 


bool isGeometric (int arr[], int len) 
{ 
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Question 10 [8 Marks] 


In this question you are to write a function that examines a linked list of type Node variables, 
where the Node type has been defined as follows: 


typedef struct node 
{ 


char *studentName; 
int grade; 
struct node xlink; 

} Node; 


Write a C function having prototype double averageGrade (Node *head) that returns the 
average of the grade elements in the linked list. The value 0. 0 should be returned if the linked 
list is empty. 


double averageGrade (Node xhead) 
{ 
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Question 11 [8 Marks] 


Assume that you have implemented two linked lists to maintain in memory information about 
the players on a soccer team. One list maintains information on the players currently playing on 
the field, and the other list maintains information on the players currently sitting on the bench, 
waiting to go out onto the field (if the coach decides so). In both linked lists a player is represented 
by a node of type Node: 


typedef struct node 
{ 


char *familyName; 
char x*firstName; 
char position; // One of 'G’, 'D’, 'M’, 19S 
int value; // in thousands of dollars 
struct node «link; 

} Node; 


It has been decided that the team would be more successful if players with high values are on the 
field and players with low values are on the bench. 


Write a complete C function named replacementPlayer, the prototype of which is given on 
the next page. The function receives three parameters: a pointer to the head of a linked list rep- 
resenting the players currently playing on the field (called headField), a pointer to the head of 
a linked list representing the players waiting on the bench (called headBench), and a character 
representing the player position to consider for replacement (one of G’, D’, ‘M’, 'S’,in- 
dicating the position of a Goalkeeper, a Defender, a Midfielder, or a Striker, respectively). Your 
function should return a pointer to the node in the bench list that contains information about the 
best replacement player for the given position at this moment or NULL if there is no suitable re- 
placement. For a given position, a player with a higher value is preferred to a player with a lower 
value. You can assume that the values of any two players (either currently playing on the field or 
on the bench) are different. 


Note: In Lab 8, the linked list was ordered by player position. But for this question, to make things 
simpler, do not assume that the list is in any particular order. 
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Node *replacementPlayer (Node *headField, Node *headBench, char position) 


{ 
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This page has been left blank intentionally. You may use it for your answer to any of the questions in this 
examination. 
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Question 1 [28 Marks] 


1.1 [3 Marks] Write a single C statement that prints the following message followed by a new line 
character: 


*/\/\* 


Solution: 
printf (``*/\V\\s\n’”);}; 


1.2 [3 Marks] Write a single C statement that declares an int array variable named values with 
5 elements. Each of the 5 elements should be initialized to 99. 


Solution: 
int values[5] = {99,99,99,99,99}; 


1.3 [3 Marks] Write a single C statement that declares a char type variable named encoded and 
initializes it based on the value of another char type variable named c that has already been de- 
clared. The variable c has been initialized to an upper case letter. The value of encoded should 
be initialized according to this scheme: 


If cis ’2’, encoded should be initialized to ’A’. 
If cis ’X’, encoded should be initialized to ’B’. 


If cis A’, encoded should be initialized to ' z’. 


Solution: 
char encoded = '’Z’ - (c - ‘A’); 
1.4 [3 marks] Given the following declarations: 


struct stuRec 
{ 
int stuNumber; 
char name[100]; 
double score; 
}; 
typedef struct stuRec studentRecord; 


Write a single C statement that uses malloc to declare an array of type studentRecord with 
100 elements. The array should be named sRecords. 


Solution: 
studentRecord+ sRecords = (studentRecord *)malloc(100«sizeof (studentRecord) ); 


1.5 [4 Marks] Consider the following C code fragment: 
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int list[4] = {0}; 


int *p = list; 
ptt; 

*p = p - list; 
ptt; 

*p = p - list; 
p = &list[3]; 
xp = 4; 


Give the values the array elements: 


Solution: 
Array element Answer 
list [0] 0 
list [1] 1 
list [2] 2 
list [3] 4 


1.6 [4 Marks] The following implementation of quick sort has errors in two statements. Fix the 
errors in the code to implement quick sort. The parameter values is an int type array that must 
be sorted in ascending order. 


void gquickSort (int values[], int low, int high) 


{ 
int left = low; 
int right = high; 


if (left >= right) 
return; 


int pivot = values[left]; 


while (left < right) 
{ 


while ((values[right] >= pivot) && (left < right) ) 
right--; 


values[left] = values[right]; 


while ((values[left] <= pivot) && (left < right) ) 


left++; 
values[right] = values[left]; 
} 
values[left] = pivot; 


quickSort (values, low, left+1); 
quickSort (values, high, right+1); 


Solution: 
The bugs are in the two recursive call statements, which should be: 


quickSort (values, low, left-1); // "left-1" can also be "right-1" 
quickSort (values, left+1, high); // "left+1" can also be "right+1" 


1.7 [4 Marks] Add C statements to the following C function to implement bubble sort. The pa- 
rameter values is an int array that must be sorted in ascending order. The parameter n is the 
number of elements in the array values. 


void bubbleSort (int values[], int n) 
{ 

int top = n; 

inë- i, Ji 


for (j = top; j > 1; j--) 
{ 
for (i = 0; i < top - 1; i++) 
{ 
if (values[i] > values[i+l1]) 


{ 


} 
Solution: 


int temp = values[i]; 
values[i] = values[it+l]; 
values[it+l] = temp; 


1.8 [4 Marks] What output does the following program produce? 


#include <stdio.h> 


int factorial (int n) 


{ 


int val; 
printf ("Entering %d\n", n); 
if (n == 1) 
val = 1; 
else 


val =n x factorial (n-1); 
printf ("Leaving %d\n", n); 
return val; 


int main (void) 

{ 
int i; 
i = factorial (2); 
printf ("Sd\n", i); 
return 0; 


Solution: 


Entering 2 
Entering 1 
Leaving 1 
Leaving 2 
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Question 2 [6 Marks] 


An ancient algorithm for finding prime numbers is called the Sieve of Eratosthenes. To use this 
algorithm to find all prime numbers in a list of consecutive integers less than a given integer, say 
100, we start from p = 2, the smallest prime number. We eliminate all multiples of p less than 100, 
(2p, 3p, 4p, ...). Since they are multiples of p, they are not prime numbers. We then find the first 
number after p that has not yet been eliminated, which is the next prime number. We assign this 
prime number to p, and eliminate its multiples. We repeat this procedure until p° is greater than 
100, and all the remaining numbers in the list are prime numbers. 


Write a C program that uses the Sieve of Eratosthenes algorithm to find and print all prime numbers 


less than 100. Your implementation should not use the % operator. The output of your program 
should be: 


2.3: bed TTS ALO 23-°29" 31 STAL 43 Al 53: 59° 6l GY EL 43) 79:83:89. 97 


Solution: 


int main (void) 
{ 
int sieve[100] = {0}, i, p = 2; 
while (p < sqrt(100)) { 
printf ("%d ", p); 


// eliminate multiples of p 


i = 2; 

while (i x p < 100) { 
sieve[i * p] = 1; 
i +t? 


// find the next p 
ptt; 
while (sieve[p] == 1) 
ptt; 
} 
// print all remaining prime numbers 
for (;p < 100; p++) 
if (sieve[p] == 0) 
printf("Sd ", p); 
printf ("\n"); 


Question 3 [6 Marks] 


Assume that the date structure contains three members: month, day, and year (all of type int). 
Write a C function named compareDates, the prototype of which is given below, that returns -1 
if d1 is an earlier date than d2, 1 if d1 is a later date than d2, and 0 if d1 and d2 are the same. 
Assume d1 and d2 contain valid dates 


Solution: 


int compareDates (struct date dl, struct date d2) 


int result; 
if (dl.year < d2.year) 


result = -1; 

else if (dl.year > d2.year) 
result = 1; 

else 


{ 
if (dl.month < d2.month) 


result = -1; 
else if (dl.month > d2.month) 
result = 1; 


else 
{ 
if (dl.day < d2.day) 
result = -1; 
else if (dl.day > d2.day) 
result = 1; 
else 
result = 0; 


} 


return result; 


Question 4 [6 Marks] 


Write a C function named countDistinct, the prototype of which is given below, that has two 
parameters. The parameter list is an integer array already sorted in ascending (nondecreas- 
ing) order, and the parameter 1istLength gives the number of elements in list. The function 
counts and returns the number of distinct elements in list. 


For example, if list is {1, 1, 3, 3, 3, 3, 6, 8, 8, 9, 9, 9, 9, 9}, the function re- 
turns 5,as list has 5 distinct elements. 


Solution: 


int countDistinct (int list[], int listLength) 
{ 
int count = 0, i = 0; 
while (i < listLength) 
{ 
while (i < listLength - 1 && list[i] == list[i+1]) 
Itt; 
it+; 
count++; 
} 


return count; 


Question 5 [6 Marks] 


Add one statement to the printPermutationsHelper function below so that the given pro- 
gram prints all permutations of the digits between 1 and n. For example, when the user enters the 


number 3, the program should output: 
123 132 213 231 312 321 
Solution: 


#include <stdbool.h> 
#include <stdio.h> 


bool digitDoesNotAppear (int digit, int number) 


{ 


} 


bool result = true; 
while (number > 0 && result) 


{ 


if (number%$10 == digit) 
result = false; 
number = number / 10; 


} 


return result; 


void printPermutationsHelper (int a, int b, int c) 


{ 


} 


if (c == 0) 
printf("Sd ", a); 
else 
for (int i= 1; i <= b; i++) 
{ 
if (digitDoesNotAppear (i, a) ) 
// add one statement in the box below 


void printPermutations (int n) 


{ 


} 


printPermutationsHelper (0,n,n); 


int main (void) 


{ 


int n; 

scanf ("Sd",&n); 
printPermutations (n); 
return 0; 
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Question 6 [8 Marks] 


Write a C function having prototype void moveRight (int arr[], int size, int k) 
that moves the first (size - k) elements in array arr k places to the right and wraps the last k 
elements in array arr around to the left end of the array. 


Assume that 0 <= k < size. 


For example, ifarr[] = {11, 22, 33, 44, 55, 66, 77, 88}, 
the callmoveRight (arr, 8, 3) changesarrto{66, 77, 88, 11, 22, 33, 44, 55}. 
Solution: 


void moveRight (int arr[], int size, int k) 


{ 


int »temp = (int *) malloc(sizexsizeof(int)); 


int i; 
for (i=0; i<size; itt) 
temp[(it+k)%size] = arr[i]; 


for (i=0; i< size; itt) 
arr[i] = temp[i]; 


} 
void moveRightAlternate (int arr[], int size, int k) 


{ 


int j; 
for (j=1; j<=k; j++) 
{ 
int i, temp=arr[size-1]; 
for (i=size-1; i>0; i--) 
arr[i] = arr[i-1]; 
arr[0O] = temp; 
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Question 7 [8 Marks] 


Write a complete C function named mergeSortedSt rings, the prototype of which is given be- 
low, that receives two alphanumerically ordered character strings (st r1 and st r2) as parameters. 
The function must create and return a new string that contains the characters from st r1 and str2 
and is alphanumerically ordered as well. For example, if str1 were "CEFHIJ" and str2 were 
"ABDG" the function must create and return a new string containing "ABCDEFGHIJ". You may 
assume that characters in the strings str1 and st r2 are unique (i.e., they cannot appear in both 
strings). 


You may use library functions from string.h in your solution. You may assume that the argu- 
ments are equal sized strings. 


Solution: 


char * mergeSortedStrings (char strl[], char str2[]) 
{ 
char * newString = (char *) malloc 
(sizeof(char) x» (strlen(strl1)+strlen(str2)+1)); 


int i = 0; 
while (*strl != '’\0’ && x*str2 != '\0") 
{ 
if (strcmp (strl, str2) < 0) 
{ 
newString[i] = *strl; 
itt; 
strl+t; 
} 
else 
{ 
newString[i] = *str2; 
itt; 
str2++; 


// Copy the rest of the non-ended string 


if («*stril == ’\0’) 
{ 
while («*str2 != '\0’) 
{ 
newString[i] = *str2; 
itt; 
str2++; 
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else 


{ 


while(xstrl != ’\0’) 
{ 
newString[i] = *strl; 
i++; 
strlt+t; 


} 


return newString; 
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Question 8 [8 Marks] 


Write a complete C function named minElementSort, the prototype of which is given below, 
that receives an integer array list and its size 1istLength as its parameters. The function sorts 
the given array in ascending (nondecreasing) order, following a slight variation of the selection 
sort algorithm, called the minimum element sort. The algorithm works as follows: It goes 
through the list, finds the smallest element and swaps it with the first element of the list. Then, 
finds the smallest element of the rest of the list and swaps it with the second element of the list. 
And so on. An example follows. 


If the input integer array list is: 
10 5 20 40 50 12 434 21 9 232 


then after calling your sorting function, the integer array list is: 
5 9 10 12 20 21 40 50 232 434 


Solution: 


void minElementSort (int list[], int listLength) 
{ 


int bottom, i, temp, minLoc; 


for (bottom = 0; bottom < listLength - 1; bottom ++) 
{ 


minLoc = bottom; 


for (i = bottomt+l; i <= listLength-1; i++) 
if(list[i] < list [minLoc]) 
minLoc = i; 


temp = list [bottom]; 
list [bottom] = list[minLoc]; 
list [minLoc] = temp; 


} 
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Question 9 [8 Marks] 


The sequence 2,6, 18,54, 162,... is said to be geometric since the result from dividing each term 
by the term that precedes it is always the same. In the given sequence, the common ratio is 3. A 


sequence with fewer than 2 terms is not geometric. 


Write a function named isGeometric that uses recursion to determine whether or not the se- 


quence of integer values given in a type int array is a geometric sequence. 


Your solution must use recursion to solve the problem. You may use a “helper” function in your 


solution. 
Solution: 


bool isGeometricHelper (int arr[], int left, int right, int ratio) 


{ 


int result; 


if (left == right) 

result = true; 
else if (arr[left+1]/arr[left] == ratio) 

result = isGeometricHelper (arr, left+1, right, ratio); 
else 

result = false; 


return result; 


bool isGeometric (int arr[], int length) 


{ 


int result; 
if (length <= 1) 


result = false; 
else 
{ 
int ratio = arr[1] / arr[0]; 
result = isGeometricHelper(arr,1,length-1,ratio); 


return result; 
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Question 10 [8 Marks] 


In this question you are to write a function that examines a linked list of type Node variables, 
where the Node type has been defined as follows: 


typedef struct node 
{ 


char *studentName; 
int grade; 
struct node xlink; 

} Node; 


Write a C function having prototype double averageGrade (Node *head) that returns the 
average of the grade elements in the linked list. The value 0. 0 should be returned if the linked 
list is empty. 

Solution: 


double averageGrade (Node xhead) 

{ 
double result 0.0; 
int nodeCount 0, gradeSum = 0; 
Node x*xcurrent = head; 


while (current != NULL) 
{ 
// process current node 
nodeCount = nodeCount + 1; 
gradeSum = gradeSum + current—>grade; 


// prepare for next node 
current = current->link; 
if (gradeSum > 0) 


result = (double) gradeSum / (double) nodeCount; 


return result; 
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Question 11 [8 Marks] 


Assume that you have implemented two linked lists to maintain in memory information about 
the players of a soccer team. One list maintains information of the players currently playing, and 
the other list maintains information of the players currently sitting on the bench, waiting to be 
replaced (if the coach decides so). In both linked lists a player is represented by a node of type 
Node: 


typedef struct node 
{ 


char *familyName; 
char *firstName; 
char position; // One of 'G’, 'D’, 'M’, ‘'S! 
int value; // in thousands of dollars 
struct node «link; 

} Node; 


Write a complete C function named replace, the prototype of which is given below. The function 
receives three parameters: a pointer to the head of a linked list representing the players currently 
playing (called headTeam), a pointer to the head of a linked list representing the players waiting 
at the bench (called headBench), and a character representing the position of the player (one 
of ’G’, 'D’, 'M’, ‘8S’, indicating the position of a Goalkeeper, a Defender, a Midfielder, or 
a Striker respectively). Your function should return a pointer to the node in the bench list that 
consists the best replacement at this moment or NULL if there is no need to make a replacement. 
For a given position, a player with a higher value is preferred to a player with a lower value. 
You can assume that the values of any two players (either currently playing or at the bench) are 
different. 

Solution: 


Node * replace (Node *headTeam, Node x*xheadBrench, char position) 
{ 

Node x bestOut = NULL; 

int bestInValue = 0; 

int bestOutValue = 0; 


// Find best player in this position that is currently playing 


Node x currentIn = headTeam; 
while (currentIn != NULL) 
{ 
if (currentIn -> position == position && currentIn -> value > bestInValue) 
{ 
bestInValue = currentiIn -> value; 
} 
currentIn = currentIn -> link; 


// Find best player in this position that is currently not playing 
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Node * currentOut = headBench; 
while (currentOut != NULL) 
{ 
if (currentOut -> position == position && currentOut -> value > bestOutValt 
{ 
bestOutValue = currentOut -> value; 
bestOut = current; 
} 
currentOut = currentOut -> link; 


// compare and return player or NULL 
if (bestOutValue > bestInValue) 
return bestOut; 
else 
return NULL; 
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APS 105H15 FINAL EXAM 


Question 1. [17 marks] 
Part (a) [3 MARKS] 
Consider the following code. 
char *s = ""; 


if (s == NULL) 
printf ("inside if\n"); 


Carefully explain when the printf in the code above would execute. 


Part (b) [3 MARKS] 


Winter 2010 


Write a program fragment to print the elements of a two-dimensional array a from top to bottom, right to 


left. For example, for the following two-dimensional array: 


2 |4 |6 
12 | 14 | 16 
1 |2 |3 


We will print 6 4 2 16 14 12 3 2 1. Assume that a has been declared as int a[ROWS] [COLS], and that 


the elements of a have all been initialized. 


Student #: Page 2 of 16 


CONT'D... 
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Part (c) [3 MARKS] 


We discussed two techniques that can be used to write functions that can give back multiple values to their 
callers: (1) using structures, and (2) using pointers. Briefly describe how each technique allows a function 
to communicate more than one value back to its caller. 


Part (d) [2 Marks] 


When we pass an array to a function, we typically also pass the array’s length as a separate parameter. 
What is the reason for passing the array’s length? 
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Part (e) [3 MARKS] 


The following recursive function expects a positive integer parameter n, and prints the integers from n 
down to 1. For example, if we call the function with parameter 3, it prints 3 2 1. Fill in the correct code 
for the base case. 


void countdown (int n) { 
if (n == 0) { 
//base case code goes here 


} 
printf ("%d\n", n); 
countdown (n-1); 


} 


Part (f) [3 MARKS] 


Assume that we want to repeatedly ask the user for a character until they provide: 


e One of the characters 1, 2, ..., 9, or 


e The lowercase character q 


Once the user has provided a character that meets one of these two conditions, we want to store it in char 
variable ch. Give the while-loop condition that we would use. Assume that ch has already been declared. 


while ( 
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Question 2. [5 MARKS] 


A certain lottery uses tickets that each contain three positive integers. Call these integers a, b, and c. For 
each ticket you purchase, we can determine the amount of money you will win by the foilowing rules: 


e If a, b, or c is 0, you win 0 dollars 


2 


° Otherwise, you wina + b + c dollars 


As a special bonus, if c is larger than the other two numbers, you win twice as much as what rule 
says 


( 
( 
e (3 
(2 
Write a function winnings that returns the amount you win on a ticket, using the above rules. The 
following table gives several examples of what the function should return. 
Function call Returns 
winnings (2, 6, 3) | 11 
winnings (2, 3, 6) | 22 
winnings (2, 3, 0) | 0 


int winnings (int a, int b, int c) 
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Question 3. [6 MARKS] 


Write a function according to the specification below. 
void odd_even (int n, int a[n]) 


Rearrange elements of a so that all of its odd integers are followed by all of its even integers. The final 
order of the odd integers, and the final order of the even integers, does not matter (but make sure that all 
odd integers come first). For example, one correct execution of the function on the array 

27345 

is to rearrange the array as 

735 2 4, 
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Question 4. [6 MARKS] 


We would like to write our own version of C’s built-in strcat function, without using any of C’s other 
string-processing functions. 


On the next page, you are given 11 fragments of code in random order. Your task is to use each of these 
fragments at least once, and add the proper opening and closing braces ({ }), to arrive at a function 
that does the same thing as strcat. Do not add new code; simply copy and rearrange the code from the 
fragments. 
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e while (*p != ’\0’) 

è int i = 0; 

e *p = s2[i]; 

e p= sl; 

e while (s2[i] != ’\0’) 

e char *my_strcat (char *s1, const char *s2) 
© *p = ’\0’; 

è char *p; 


è return si; 
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Question 5. [6 MARKS] 


Write a function according to the specification below. 
bool block_string (int n, char *s, char c) 


s is a string (i.e. a char array), n is the length of s, and c is a character. Return true exactly when s 
consists entirely of blocks of character c, each of which is one character longer than the previous block. 
For example, 

block_string ("a aa aaa ", ’a’) 

returns true, but 

block_string ("aa a aaa", ’a’) 

returns false. Note that each block of characters, including the last, must be followed by a space. 
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Question 6. [6 MARKS] 


What is the output we get from running the following C program? Please show your intermediate work as 
you trace through the code; this helps us award part marks and helps you keep track of values of variables 
and actions of recursive calls. 


#include <stdio.h> 


void recur (int a, int b) { 
if (a+b < 0) 
return; 
recur (a - 1, b - 2); 
printf ("%d %d\n", a, b); 
} 


int main (void) { 
recur (6, 0); 
return 0; 


} 
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Question 7. [7 MARKS] 


Two characters in a grid are connected if we can get from the first character to the second by a sequence 
of zero or more horizontal or vertical steps, each of which places us on a non-empty-space character. For 
example, consider the following grid: 


XYQ 
GB 
N 

P 


As examples: 


e X is connected to X 
e Y is connected to B 


e N is not connected to any other character 


Write a function that takes a two-dimensional array of characters, and the x-and y-coordinates of two 
characters. The function returns true exactly when the second character is reachable from the first. Each 
of the two-dimensional array’s values will be one of the 26 uppercase letters of the alphabet, or the space 
(° ’) character. The space character is the only character that cannot be used to connect two characters. 
Assume that the borders of the two-dimensional array are all space characters. 


bool connected (char grid[] [COLS], int x1, int y1, int x2, int y2) { 
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Question 8. [12 Marks] 
For the following questions, all sorting algorithms are assumed to be the versions studied in class. 
Part (a) [3 MARKS] 


What are the contents of the following array of numbers after one major iteration of bubble sort? Be sure 
to use one major iteration of a bubble sort that sorts from lowest to highest, and show the array after each 
change you make. 


543833 


Part (b) [2 Marks] 


After k major iterations of a sorting algorithm (k > 1), our array of numbers looks like this. 
1310123 


Is it possible that selection sort is being used to sort this array? Answer yes or no, and then briefly justify 
your answer. 


Part (c) [2 MARKS] 


After k major iterations of a sorting algorithm (k > 1), our array of numbers looks like this. 


1310123 


Is it possible that insertion sort is being used to sort this array? Answer yes or no, and then briefly justify 
your answer. 
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Part (d) [2 MARKS] 


Which sorting algorithm, selection sort or insertion sort, would perform fewer comparisons on an already- 
sorted array? Briefly justify your answer. 


Part (e) [3 MARKS] 


Consider the following array: 
416393 


What are the contents of the array after using quicksort’s partition algorithm with pivot 3? Please show 
your work. (Perform only one partition of the array; do not continue to recursively sort the two resulting 
subarrays. ) 
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Question 9. [7 marks] 


Part (a) [3 MARKS] 


We have 15 students enrolled in a lecture session, and we would like to store each of their final grades in 
order to calculate the class average. Each grade is an integer between 0 and 100. What should we use to 
store the 15 student grades: (1) a structure, or (2) an array? Briefly justify your answer. 


Part (b) [4 MARKS] 


Here is a struct used for holding the three components of a date. 


struct date { 
int month, day, year; 


} 


Write a function that takes three int parameters representing the month, day, and year of a date. The 
function should allocate a new date structure, fill it with the values passed in the three parameters, and 
then return a pointer to the structure. 


struct date *make_date (int month, int day, int year) 
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[Use the space below for rough work. This page will not be marked unless you clearly indicate the part of 
your work that you want us to mark./ 
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Question 1 [28 Marks] 


1.1 [4 Marks] Write a single C statement that declares an int type variable named rt, and initial- 
izes it to be a random four-digit integer between 1000 and 9999 (inclusive). You may use library 
functions. 


1.2 [4 Marks] 
In the box below, place the output that would be printed by an execution of the following C 
Statements: _ 


int A[] = (3,1,4,9,7,2,5,8}; 
int *p = &(A[3]) - 2; 

p += *p; 

printf ("Sd\n",*p); 


Output: 


1.3 [4 Marks] Write a function named isDivisible that has two type int parameters named 
mand n. The isDivisible function returns the answer to the question of whether or not m is 
exactly divisible by n. The return type of isDivisible should be bool. 


1.4 [4 Marks] The following implementation of quicksort has errors in two statements. Fix the 
errors in the code so that the implementation of quicksort is correct. The parameter values is an 
int type array that must be sorted into ascending (nondescending) order. Place your description 
of the required changes below the function. When describing your changes to the function, use 
the numbers that appear to the left of each line in the function. 


1 void quickSort (int values[], int low, int high) 
2 { 

3 int left = low; 

4 int right = high; 

5 if (left >= right) 

6 return; 

7 int pivot = values[left]; 

8 while (left < right) 

9 { i 

10 while (values[right] >= pivot) 
11 right--; 

12 values[left] = values[right]; 
13 while (values[left] <= pivot) 
14 left++; 

15 values[right] = values[left]; 
16 } 


17 values[right] = pivot; 


18 quickSort (values, low, left - 1); 
19 quickSort (values, left + 1, high); 


State the line number(s) that need to changed and describe the change(s): 


1.5 [4 Marks] In the box below, place the output that would be printed by an execution of the 
following C program: 


int magicNumber (int a[], int n) 
{ 
if (n == 0) 
return a[0]; 
else 
return (a[n] + magicNumber(a,n-1)); 


} 


int main (void) 
{ 
int i, b[11]; 


for(i = 0; i <= 10; i++) 
b[i] = i; 


printf ("Magic number is %d \n", magicNumber (b,5)); 
return 0; 


Output: 


1.6 [4 Marks] Write a single C statement to complete the recursive function below named get Length. 
The function should count and return the number of characters in the string that is received as a 


parameter. For example, the function call getLength ("aps105") should return the int value 
6. 


You may not use any library functions in your solution. You must use recursion. 


int getLength (char *str) 
{ 
if (str[0] == ’\0’) 
return 0; 
else 
// WRITE YOUR SINGLE C STATEMENT HERE: 


1.7 [4 Marks] Your task is to complete the function below so that it contains a nonrecursive im- 
plementation of the binary search algorithm. The parameter values is an array of int type 
variables. The items in the values array have been sorted into descending (nonascending) order. 
Parameter n is the number of elements in the values array. Parameter item is the item being 
searched for in the values array. l 


The function should return -1 if item is not found in the array. Otherwise, the function should 
return the index position within the array at which item is found. 


Important: your function should assume that values is a sorted array in descending (nonascend- 
ing) order. 


Important: Your solution must not use recursion. 


int binSearch (int values[], int n, int item) 
{ 

int left = 0; 

int right = n-1; 


while (left <= right) 
{ 


int middle = (left +'right) / 2; 
if (item == values [middle] ) 


return middle; 


// WRITE YOUR CODE HERE: 


} 


return -1; 


Question 2 [8 Marks] 


Write a function named rotateLeft, the prototype of which is given below, that has three pa- 
rameters: an int array named A of length length, an int named length and an int named 
rotateAmount. The rotateLeft function moves each of the elements in array A rotateAmount 
positions to the left. 


For example, rotating the array A[] = {0,1,2,3} to the left by a rotateAmount of 2 would 
modify A[] to be {2, 3, 0,1}. Notice that the values 0 and 1 are rotated to the other end of the 
array. You may assume that the values of both length and rotat eAmount are greater than zero. 
You may not call any library functions, including malloc. 


void rotateLeft (int A[], int length, int rotateAmount) 
{ A 


Question 3 [8 Marks] 


Write a C function named st ringToInt, the prototype of which is given below, that has a single 
string parameter named str. The stringToInt function determines the numerical value of the 
integer that is stored in str. You may assume that the string only contains digits between ’ 0’ 
and ’ 9’ (plus the required terminating null character), and that it contains at least one digit. 


For example, the function call st ringToInt ("105") must return the integer 105. 


Note: You may not use any library functions in your solution. 


int stringToInt (const char *str) 


{ 


Question 4 [8 Marks] 


Write C code for a recursive function named printReverse that reads a sequence of positive 
integers and outputs the sequence in reverse order. The input sequence ends when the user enters 
the number 0. 


Assume the user always gives valid input. Your printReverse function must be recursive, 
otherwise your solution will not receive any marks. 


You may not declare any arrays in your solution. 


Here is a sample output from an execution of the program: 


Enter a positive integer or 0 to exit: 10<enter> 
Enter a positive integer or to exit: 5<enter> 
Enter a positive integer or to exit: 2<enter> 
Enter a positive integer or to exit: 1l<enter> 
Enter a positive integer or to exit: O<enter> 


ooo oOo 


Reversed sequence: 0 1 2 5 10 


Note: No newline character is printed after the last number in the reversed sequence. 


Enter your print Reverse function below. 


void printReverse (void); 


int main (void) 

{ 
printReverse() ; 
return 0; 


void printReverse (void) 


{ 


Question 5 [8 Marks] 


Write a C function named readlines that has a single type int parameter named n. The 
readlines function reads n lines of input from the user and stores the lines in a dynamically 
allocated 2-d array of type char. The row with index [i-1] in the array should be set to hold the 
ith input line and must be just large enough to hold the line of input as a string. The readlines 
function is to return the dynamically allocated 2-d array to the caller of the function. 


You may assume that each line of text contains no more than 1023 characters. You may use the 
library functions malloc, strlen, strcpy and gets, but may not use any other functions. 


Question 6 [8 Marks] 


6.1 [5 Marks] Write a C function having prototype 

counting (int input[], int n, int count[], int k). Each of the n elements in the 
array input is an integer in the range of 0 to k, inclusive, and the size of the array count is 
k + 1. Afteracall to the counting () function, each element count [i] will contain the number 
of elements in the array input that are less than or equal to the index i. For example, if the array 
input contains {2, 5, 3, 0, 2, 3, 0, 3} and if k=5, then the array count will be set to 
{2, 2, 4, 7, 7, 8}. There are 4 elements in the array input that are less than or equal to 2, 
and so count [2] has the value 4. 


Note: The count ing function should initialize each of the elements in the array count to 0. 


void counting (int input[], int n, int count[{], int k) 


{ 
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6.2 [3 Marks] Complete the following C function with prototype 

void countingSort (int input{], int n, int output[], int k) 

that uses the counting () function to sort an array input into ascending (nondescending) order. 
The idea is to first call counting (), and then use the information in the count array to place 
each element in input directly into its final position in the output array. Again, it is assumed 
that each of the n elements in the array input is an integer in the range of 0 to k, inclusive. 


Hint: The information in the count array can be used to help find the position of array elements 
in the sorted array. For example, the value at position i of the count array, count [i], indicates 
the starting position for all elements greater than i in the sorted array. 


As an example, the following main program will printO 0 2 2 3 3 3 5asits output: 
int main (void) 
{ 


int input[] = {2, 5, 3, 0, 2, 3, 0, 3}; 
int output[8] = {0}; 


countingSort (input, 8, output, 5); 
for (int i = 0; i < 8; itt) 

printf("%d ", output[i)); 
return 0; = 


} 
Hint: You only need to fill in two lines of code to complete the solution. 


void countingSort (int input[], int n, int output[], int k) 
{ 
int *count = (int *) malloc((k + 1) * sizeof(int)); 
counting(input, n, count, k); 


for (int i =n- 1; i >= 0; i--) 


free (count); 
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Question 7 [8 Marks] 


Write a function named findSt ringWithinString, the prototype of which is given below, that 
takes strings s1 and s2 as parameters, and returns a pointer to the start of the first occurrence of 
the string s2 within the string s1. The function should return NULL if the string s2 is not found 
within the string s1. You may assume that s1 and s2 are strings that each contain at least one 


— 


character in addition to th’ “terminating null character. 


WY 
Note: You may not use any functions from the st ring.h library in your solution. 


char *findStringWithinString (const char «sl, const char *s2) 


{ 
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Question 8 [8 Marks] 


In this question, you are to write a function that examines a linked list with elements of type Node, 
where the Node type has been defined as follows: 
\ 


typedef struct node 
{ 

int info; 

struct node «link; 
} Node; 


Write a C function named printDuplicates that receives a pointer to the first node of a linked 
list of Nodes as a parameter. The function should find and print the duplicate integers in the 
linked list. For example, if the linked list contains the integers: 1, 3, 3, 6, 7, 4, 6, then the 
printDuplicates function should print: 


3 
6 


Note: In your solution, you may assume that a given integer occurs at most twice in the linked list. 


void printDuplicates (Node «*head) 
{ 
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Question 9 [8 Marks] 


In this question, you are to write a function that manipulates a linked list with elements of type 
Node, where the Node type is as defined in Question 8. 


Write a C function named reorder that receives a pointer to the first node of a linked list of 
Node s as a parameter, and returns a pointer to the first node of a reordered linked list that contains 
the same nodes as the input list. In the reordered list, all of the nodes that contain an even integer 
must appear before the nodes that contain an odd integer. 


For example, if the original list contains nodes with the following integers in the given order 
9,8,7,6,6,5, a reordered list that meets the requirements is 6,6,8,5,7,9. The even nodes themselves 
can be in any order. The odd nodes themselves can be in any order. However, the even nodes must 
appear before the odd nodes. This means that another reordered list that meets the requirements 
is 8,6,6,9,7,5. 


You may assume that the original linked list contains only positive integers. Your function is not 
allowed to create any new nodes and must only manipulate the nodes in the list given to the 
function. Solutions that create new nodes using malloc will receive 0 marks. 


Node «reorder (Node *xhead) 


{ 
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Question 10 [8 Marks] 


Write a recursive C function named permuteHelper that prints all possible permutations of 
the characters in a given string. The permuteHelper function is called by the given permute 
function. When the function call permute ("one") is executed, the output will be the following: 


one oen noe neo eno eon 


Note: No newline character is printed after the last permutation. 


You. may assume the string given to permuteHelper contains distinct characters (that is, no 
character appears more than once). 


Hint: Consider an algorithm that works as follows: For each character in the string, permut eHelper () 
exchanges it with the string’s first character and then it generates the permutations recursively for 
the characters that remain. 


void permuteHelper (char «str, int pos, int length); 
void permute (char *«str) 


{ 


permuteHelper (str, 0, strlen(str)); 


void permuteHelper (char «str, int pos, int length) 


{ 
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Question 1 [28 Marks] 


1.1 [4 Marks] Write a single C statement that declares an int type variable named rt, and initial- 
izes it to be a random four-digit integer between 1000 and 9999 (inclusive). You may use library 
functions. 
Solution: 


int rt = (rand() % 9000) + 1000; 


Marking Scheme: 


oO AOR aM ee 

for using rand() 

% 9000 

+1000 

.5 for using all of the parts together correctly 
An answer of int rt = (rand() % 10000) gets 1.5 


, 
T 
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1.2 [4 Marks] 
In the box below, place the output that would be printed by an execution of the following C 
statements: 


int A[] = {3,1,4,9,7,2,5,8}; 
int *p = &(A[3]) - 2; 
p += +p; 


printf ("%d\n",*p); 


Solution: 


Output: 4 


Marking Scheme: 


+ 4 marks for answering "4" 
alternates ? 


1.3 [4 Marks] Write a function named isDivisible that has two type int parameters named 
mand n. The isDivisible function returns the answer to the question of whether or not m is 
exactly divisible by n. The return type of isDivisible should be bool 

Solution: 


bool isDivisible (int m, int n) 


{ 


return ( m$n == ); 


Marking Scheme: 


+ 0.5 mark for prototype with correct return type 

+ 0.5 mark total for prototype with 2 correct parameter declarations 
+ 1 mark for determining m%n 
+ 1 mark for comparing m%n to 0 

+ 1 mark for taking correct action based on result of msn == 0 
Give full marks to 


if ( mn == ) 
return true; 


else 


return false; 


1.4 [4 Marks] The following implementation of quicksort has errors in two statements. Fix the 
errors in the code so that the implementation of quicksort is correct. The parameter values is an 
int type array that must be sorted into ascending (nondescending) order. Place your description 
of the required changes below the function. When describing your changes to the function, use 
the numbers that appear to the left of each line in the function. 


1 void quickSort (int values[], int low, int high) 
2 { 

3 int left = low; 

4 int right = high; 

5 if (left >= right) 

6 return; 

7 int pivot = values[left]; 

8 while (left < right) 

9 { 

10 while (values[right] >= pivot) 
11 right=<; 

12 values[left] = values[right]; 
13 while (values[left] <= pivot) 
14 left++; 

15 values[right] = values[left]; 
16 } 

17 values[right] = pivot; 

18 quickSort (values, low, left - 1); 
19 quickSort (values, left + 1, high); 
20 } 


State the line number(s) that need to changed and describe the change(s): 
Solution: 
The bugs are in line 10 and 13, which should be: 


while (values[right] >= pivot && left < right) 


and 


while (values[left] <= pivot && left < right) 


Marking Scheme: 


+ 1 mark for knowing that there is an error in line 10 
+ 1 mark for correct fix to line 10 
+ 1 mark for knowing that there is an error in line 13 
+ 1 mark for correct fix to line 13 


1.5 [4 Marks] In the box below, place the output that would be printed by an execution of the 
following C program: 


int magicNumber (int a[], int n) 


return (a[n] + magicNumber(a,n-1)); 


int main (void) 


{ 
int i, b[11]; 


for(i = 0; i <= 10; i++) 

b[i] = i; 
printf("Magic number is %d \n", magicNumber(b,5)); 
return 0; 


} 


Solution: 


Output: Magic number is 15 


Marking Scheme: 


+ 1 mark for printing "Magic number is" and a number 
+ 3 marks for printing the correct number of 15 
If value wrong, + 1 mark for printing the number as 21 or 10 


1.6 [4 Marks] Write a single C statement to complete the recursive function below named get Length. 
The function should count and return the number of characters in the string that is received as a 
parameter. For example, the function call get Length ("aps105") should return the int value 

6. 


You may not use any library functions in your solution. You must use recursion. 
Solution: 


int getLength (char xstr) 
{ 
if (str[0] == ’\0’) 
return 0; 
else 


// WRITE YOUR SINGLE C STATEMENT HERE: 


return 1 + getLength(str+1); 


Marking Scheme: 


+ 1 mark a return statement 
+ 1 mark for the addition "1 + " 
+ 1 mark for calling getLength 


+ 1 mark for correct argument to getLength 


If then break this up over more than one single statement, 
deduct 1 mark. 
NOTE: getLength(&str[1]) is correct too 


1.7 [4 Marks] Your task is to complete the function below so that it contains a nonrecursive im- 
plementation of the binary search algorithm. The parameter values is an array of int type 
variables. The items in the values array have been sorted into descending (nonascending) order. 
Parameter n is the number of elements in the values array. Parameter item is the item being 
searched for in the values array. 


The function should return -1 if item is not found in the array. Otherwise, the function should 
return the index position within the array at which item is found. 


Important: your function should assume that values is a sorted array in descending (nonascend- 
ing) order. 


Important: Your solution must not use recursion. 
Solution: 


int binSearch (int values[], int n, int item) 

{ 
int left = 0; 

int right = n-1; 


while (left <= right) 
{ 


int middle = (left + right) / 2; 
if (item == values[middle] ) 
return middle; 


// WRITE YOUR CODE HERE: 
if (item < values[middle] ) 
left = middle + 1; 


else 


right = middle - 1; 


} 
Marking Scheme: 


+ 1 mark for an expression comparing item and values [middle] 
(could be < or > depending on how cases below written) 

+ 1 mark for having two cases - one updates left, the other right 
+ 1 mark for updating left correctly, given the direction 

+ 1 mark for updating right correctly, given the direction 


Question 2 [8 Marks] 


Write a function named rotateLeft, the prototype of which is given below, that has three pa- 
rameters: an int array named A of length length, an int named length and an int named 


rotateAmount. The rotateLeft function moves each of the elements in array A rotateAmount 


positions to the left. 


For example, rotating the array A[] = {0,1,2,3} to the left by a rota 


teAmount of 2 would 


modify A[] to be {2,3,0,1}. Notice that the values 0 and 1 are rotated to the other end of the 


array. You may assume that the values of both Length and rotateAmount are greater than zero. 


You may not call any library functions, including malloc. 
Solution: 


for (int i=0;i<rotateAmount; i++) 


{ 


int temp = A[0]; 

for (int j=0; j<length; j++) 
A[j] = A[(jt1)%length]; 

A[{length-1] = temp; 


Marking Scheme: 


+ 2 marks for a proper rotate expression A[J 
(where X could be 1 or rotateAmount) 

+ 2 mark for doubly nested loop 

+ 2 mark for use of a temporary 

+ 2 marks if it seems to work 


] = A[(j+X) Slength]; 


Question 3 [8 Marks] 


Write a C function named st ringToInt, the prototype of which is given below, that has a single 
string parameter named str. The stringToInt function determines the numerical value of the 
integer that is stored in str. You may assume that the string only contains digits between ’ 0’ 
and ’ 9’ (plus the required terminating null character), and that it contains at least one digit. 


For example, the function call st ringToInt ("105") must return the integer 105. 


Note: You may not use any library functions in your solution. 
Solution: 


int stringToInt (const char xs) 


{ 


int result = 0; 
int i = 0; 
do 
{ 
result = result*10 + (s[i]-’0’); 


i i aes 
} while (s[i] != '\0'); 


return result; 


Marking Scheme: 


+1 declaring an accumulator variable and initializing to 0 

+2 accumulating the result in a loop, one digit at a time 

+1 knowing that * by 10 shifts numerical to left (pads result with 0) 
+2 knowing to subtract ’0’ to get int value of single char 

+1 knowing to stop the loop based on reaching a char of ’\0’ 

+1 returning result 


Note: the following is correct too: 
int result = s[0]-’0’; 
Iineri = Ley 
while (s[i] != ’\0’) 
{ 
result = result*10 + (s[iJ]-’0’); 
aS ase Acs 


return result; 


Also, the loop condition could be written as: 
0” <= s[i] && s[i] <= '9" 
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Question 4 [8 Marks] 


Write C code for a recursive function named printReverse that reads a sequence of positive 
integers and outputs the sequence in reverse order. The input sequence ends when the user enters 
the number 0. 


Assume the user always gives valid input. Your printReverse function must be recursive, 
otherwise your solution will not receive any marks. 


You may not declare any arrays in your solution. 


Here is a sample output from an execution of the program: 


Enter a positive integer or 0 to exit: 10<enter> 
Enter a positive integer or 0 to exit: 5<enter> 
Enter a positive integer or 0 to exit: 2<enter> 
Enter a positive integer or 0 to exit: 1<enter> 
Enter a positive integer or 0 to exit: O<enter> 
Reversed sequence: 0 1 2 5 10 


Note: No newline character is printed after the last number in the reversed sequence. 


Enter your printReverse function below. 
Solution: 


void printReverse (void) 
{ 
inte i> 
printf ("Enter a positive integer or 0 to exit: "); 
scanf("Sd", &i); 
if (i != 0) 
printReverse(); 


printf("$d ", i); 


} 
Marking Scheme: 


0.5 mark for correct prompt 

0.5 mark for correctly reading the input 

1 mark for a call to printReverse somewhere in the function 
1 

1 

4 


mark for printing the input number somwhere in the function 
mark for separating the input == '= 0 case 
marks for the correct ordering of the printReverse() and printf () 
function calls 
Note: the following is correct too 
if (i != 0) 
{ 
printReverse(); 
printf ("Sas E)? 
} 
else 
printf ("sd my a)y 
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Question 5 [8 Marks] 


Write a C function named readlines that has a single type int parameter named n. The 
readlines function reads n lines of input from the user and stores the lines in a dynamically 
allocated 2-d array of type char. The row with index [i-1] in the array should be set to hold the 
ith input line and must be just large enough to hold the line of input as a string. The readlines 
function is to return the dynamically allocated 2-d array to the caller of the function. 


You may assume that each line of text contains no more than 1023 characters. You may use the 
library functions malloc, strlen, strcpy and gets, but may not use any other functions. 
Solution: 


char **readlines (int n) 


{ 
char line[1024]; 


char **result = (char **)malloc(n*sizeof(char *)); 
Int iy 
for (i1=0; i<n; itt) 


{ 
gets (line); 
result[i] = (char *)malloc((strlen(line)+1)*sizeof (char) ); 
strcpy (result [i],line); 


return result; 


Marking Scheme: 


NOTE: there was a small error in the question statement they ar 
allowed to use sizeof() - do not deduct marks if they express the 
right idea without use of sizeof () 


NOTE: they are *not* required to cast to value returned by malloc() 


+1 mark for correct return type declaration (char xx ) 

+0.5 mark for correct parameter type declaration (int n) 
+0.5 mark for declaring an array for reading input into 

+0.5 mark for declaring a char «x variable, named say result 


+1 mark for initializing result to point to an allocated array of char * 

+1 mark for a loop that executes n times 

+1 mark for reading a line of input correctly - they can’t use scanf 

+1 mark for initializing result[1i] correctly by allocating enough space 
for input line + trailing null character 

+1 mark for string copying input line to the array they have created 


+0.5 mark for returning result 
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Question 6 [8 Marks] 
6.1 [5 Marks] Write a C function having prototype 


counting (int input[], int n, 
array input is an integer in the range of 0 to k, inclusive, and the size of the array count is 
k + 1. After a call to the counting () function, each element count [i] will contain the number 
of elements in the array input that are less than or equal to the index i. For example, if the array 
input contains {2, 5, 3, 0, 2, 3, 0, 3} and if k=5, then the array count will be set to 
{2, 2, 4, 7, 7, 8}. There are 4 elements in the array input that are less than or equal to 2, 


and so count [2] has the value 4. 


Note: The counting function should initialize each of the elements in the array count to 0. 


Solution: 


void counting (int input[], int n, 


{ 


int i, 3; 


for (i = 0; i <= k; itt) 
count [i] 


for (J = 0; 43 < nj JEF) 
count [input [j3]J++; 


for (i = 1; i <= k; i++) 
count [i] += count[i - 1]; 


int count[], 


int count[], 
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int k). Each of the n elements in the 


6.2 [3 Marks] Complete the following C function with prototype 

void countingSort (int input[], int n, int output[], int k) 

that uses the count ing () function to sort an array input into ascending (nondescending) order. 
The idea is to first call counting (), and then use the information in the count array to place 
each element in input directly into its final position in the output array. Again, it is assumed 
that each of the n elements in the array input is an integer in the range of 0 to k, inclusive. 


Hint: The information in the count array can be used to help find the position of array elements 
in the sorted array. For example, the value at position i of the count array, count [i], indicates 
the starting position for all elements greater than i in the sorted array. 


As an example, the following main program will printO 0 2 2 3 3 3 5asits output: 


int main (void) 

{ 
be Input |] =. {27 57 37-0, Ze SpoO,. 334 
int output[8] = {0}; 


countingSort (input, 8, output, 5); 
for (int i = 0; i < 8; itt) 
printft("sd ", output[i]); 


return 0; 


} 


Hint: You only need to fill in two lines of code to complete the solution. 
Solution: 


void countingSort (int input[], int n, int output[], int k) 
{ 
int «count = (int x) malloc((k + 1) x sizeof(int)); 
counting (input, n, count, k); 


for (int i =n - 1; i >= 0; i--) 

{ 
output [count [input [i] ] 1] = input[i]; 
count [input [i]]--; 


free (count); 
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Question 7 [8 Marks] 


Write a function named findStringWithinString, the prototype of which is given below, that 
takes strings s1 and s2 as parameters, and returns a pointer to the start of the first occurrence of 
the string s2 within the string s1. The function should return NULL if the string s2 is not found 
within the string s1. You may assume that s1 and s2 are strings that each contain at least one 
character in addition to their terminating null character. 


Note: You may not use any functions from the st ring.h library in your solution. 
Solution1: pointer version: 


while (xsl) 

{ 
char *p = sl; 
char xq = s2; 
while (*p == xq) 
{ 


qtt; 
pt+; 
if (!*q) 


return sl; 


slt+t; 
} 
return NULL; 


Solution2: array version: 


int x_outer = 0; 
while (sl[x_outer] ) 


{ 


int x_inner = x_outer; 
int y = 0; 
while (sl[x_inner] == s2[y]) 


{ 
x_innert+t+; 
ytt; 
if (!s2[y]) 
return &(sl[x_outer]); 
} 


x_outertt; 


} 
return NULL; 
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Marking Scheme: 


marks 
marks 


`f 


i 


marks for any doubly-nested loop attempt 


outer-loop traverses sl properly 


inner-loop traverses s2 properly 


NO NM N NH 


marks 


i 


separate index/pointer for sl in the inner loop than 


for the outer loop 
2 marks if it seems to work 
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Question 8 [8 Marks] 


In this question, you are to write a function that examines a linked list with elements of type Node, 
where the Node type has been defined as follows: 


typedef struct node 
{ 


int info; 


struct node xlink; 
} Node; 


Write a C function named printDuplicates that receives a pointer to the first node of a linked 
list of Nodes as a parameter. The function should find and print the duplicate integers in the 
linked list. For example, if the linked list contains the integers: 1, 3, 3, 6, 7, 4, 6, then the 
printDuplicates function should print: 


3 
6 


Note: In your solution, you may assume that a given integer occurs at most twice in the linked list. 
Solution: 


void printDuplicates (Node xhead) 
{ 


Node «curr = head; 


while (curr != NULL) 
{ 
Node *curr2 = curr->link; 
while (curr2 != NULL) 
{ 
if (curr->info == curr2->info) 
printf ("Sd\n", curr->info); 
curr2 = curr2->link; 
} 
curr = curr->link; 


Marking Scheme: 
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Question 9 [8 Marks] 


In this question, you are to write a function that manipulates a linked list with elements of type 
Node, where the Node type is as defined in Question 8. 


Write a C function named reorder that receives a pointer to the first node of a linked list of 
Nodes as a parameter, and returns a pointer to the first node of a reordered linked list that contains 
the same nodes as the input list. In the reordered list, all of the nodes that contain an even integer 
must appear before the nodes that contain an odd integer. 


For example, if the original list contains nodes with the following integers in the given order 
9,8,7,6,6,0, a reordered list that meets the requirements is 6,6,8,5,7,9. The even nodes themselves 
can be in any order. The odd nodes themselves can be in any order. However, the even nodes must 
appear before the odd nodes. This means that another reordered list that meets the requirements 
is 8,6,6,9,7,5. 


You may assume that the original linked list contains only positive integers. Your function is not 
allowed to create any new nodes and must only manipulate the nodes in the list given to the 
function. Solutions that create new nodes using malloc will receive 0 marks. Solution: 


Node «reorder (Node xhead) 
{ 
if (head == NULL || head->link == NULL) 
return head; //handle the cases of empty list, or l-element list 


Node *xnewHead = NULL; 
Node *xnewTail = NULL; 


while (head) 

{ 
Node *xnext = head->link; 
if (head->info % 2 == 0) 


{ 


// put at front 
head->link = newHead; 
newHead = head; 
if ('!newTail) 

newTail = newHead; 


else 


// put at tail 

if (!newTail) 

newHead = newTail = head; 
lse 


0) 


newTail->link = head; 
newTail = head; 
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} 
head = next; 
} 


newTail->link = 


return newHead; 


Marking Scheme: 


NULL; 


19 


Question 10 [8 Marks] 


Write a recursive C function named permuteHelper that prints all possible permutations of 
the characters in a given string. The permuteHelper function is called by the given permute 
function. When the function call permute ("one") is executed, the output will be the following: 


on oen no neo no on 


Note: No newline character is printed after the last permutation. 


You may assume the string given to permuteHelper contains distinct characters (that is, no 
character appears more than once). 


Hint: Consider an algorithm that works as follows: For each character in the string, permuteHelper () 
exchanges it with the string’s first character and then it generates the permutations recursively for 
the characters that remain. 


void permuteHelper (char xstr, int pos, int length); 


void permute (char xstr) 


{ 


permuteHelper(str, 0, strlen(str)); 


void permuteHelper (char *str, int pos, int length) 


{ 


} 


Solution: 
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void permute (char xs, int pos, int Length); 


int main() { 
char *str = (char x) malloc(sizeof (char) *«(26+1)); 
printf("Enter string to permute: "); 


scanf("%s", str); 
permute (str, 0, (int) strlen(str)); 
return; 


void permute (char »str, int pos, int Length) 
{ 

char xscopy, temp; 

Int. Ay; 


if(pos < Length) 
for(i = pos; i < Length; i++) 
{ 
scopy = malloc(Length+1); 
strcpy (scopy, sS); 


temp = scopy[il; 
scopy[i] = scopy[pos]; 
scopy[pos] = temp; 


permute (scopy, pos + 1, Length); 
free (scopy); 


else 
printf("Ss\n", s); 


Marking Scheme: 


2 marks given for incorrect coding but correct overall algorithm design 
1 mark for malloc as procedure calls itself recursively 
1 mark for freeing the space 
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This page has been left blank intentionally. You may use it for your answer to any of the questions in this 
examination. 
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Question 0. 


Write your student number in the space provided at the bottom of each odd-numbered page. Failure to do so 
will result in a 2 mark deduction. 


Question 1. [5 marks] 


Consider the following program: 


void g(int i) 


{ 
printf("%d\n", i); 
} 
void f(int i, int j) 
{ 
printf ("%d, %d\n", i, i+j); 
g(j); 
} 
int reset(int i) 
{ 
i=0; 
printf("%d\n", i); 
return i; 
} 
int main (void) 
{ 
char c= 'J'; 
double d = 1.8; 
int i = 0; 
for (int j = 0; j < d; i++, j++) 
{ 
printf("%c\n", c); 
fli, j); 
reset(j); 
} 
printf ("%da\n", i); 
return 0; 
} 


Write the output of this program. You may use the space provided below or to the right of the program. 
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Question 2. [3 marks] 


Part (a) [4 Marks] 
Write the pseudocode for bubble sort: 


Part (b) [3 marks] 


APS 105H1S 


Given the following set of ints, illustrate the progression of a bubble sort in ascending order. In other words, every 
time that a number is moved, write down the new configuration of the list. In addition, you should clearly indicate 
which configurations belong to which iteration of the bubble sort by drawing a horizontal line between passes. 


16, 128, 2, 8, 4 (initial order) 


2, 4, 8, 16, 128 (final sorted order) 


Part (c) [1 Mark] 


How many times does bubble sort need to traverse this list? 
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Question 3. [6 marks] 


The following code has several mistakes in it. These mistakes include syntax errors, logic problems (i.e., bugs), and 
style issues. 


One mistake (misspelling int) is already circled. 


#define ARRAY_SIZE = 3; 


char *func(*s, n); 


1 Gaata 


int a[] = malloc(ARRAY_SIZE); 
for (i = 0; i <= ARRAY SIEZ; i++) 
{ 
a[i] = rand() % 5; 
} 


printf("The list of numbers is: %d\n', a); 


for (i =0; i< ARRAY_SIZE; i++) 


} 
char *rep = func("*", a[i]) 
printf (rep); 
} 
} 
void func(char *s, int n) 
{ 
char *result = malloc(n * sizeof(char *)); 
for (int i = 0; i < n; n++) 
{ 
strcat(result, s); 
} 
return s; 
s(strlen(s)] = \0; 
} 


Part (a) [1 mark] 
What is this code trying to do? 
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Part (b) [5 marks] 


Identify the mistakes in the code on the previous page. For each mistake, you should circle the relevant section of 
code, and write a number next to the circle. Then, in the space provided below, you should briefly describe each 
mistake and provide a possible correction. 


A mistake (misspelling int) is already circled, numbered, and described to demonstrate the format you should use. 


Note: there are many mistakes in this code; to earn full marks, you will need to correctly identify (and provide the 
appropriate correction for) 10 mistakes in addition to the one provided below. 


1. Return type of main() is misspelled in rather than int. 
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Question 4. [7 marks] 


Consider the following code: 


1 
7; 


double d 
double e = 
double a([4]; 
double *p; 
double *q; 


3. 
2. 


/* Memory snapshot taken here. 


p = &d; 

ali] = *p; 

q = a; 

*q = e; 

*(q + 2) = (d + 2); 
*p = *q; 

p = q + (int) (*p); 


FINAL EXAMINATION Winter 2011 


*/ 


A snapshot of memory after the first five lines have executed is pictured below: 


{ 


oD] af] 


For each of the statements listed on the next page, fill in the values that each variable would have after that statement 
has executed. Pointers should be drawn as arrows. 


Note that the statements are cumulative; changes to variables that are made on one line persist to 


the next statement. 
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_ Oe 
“COO +O 
O O e0 
“OOO «+O 
D O o 
feo 


*(q + 2) = (d + 2); 


p =q + (int) (*p); 
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Question 5. [11 marks] 


Assume that you have sorted linked lists built out of the following struct: 


typedef struct node 


{ 

int data; 

struct node *next; 
} Node; 


A sorted linked list is a linked list in which the nodes are arranged so that each node in the list has a data that 
is smaller than its predecessor (i.e., current.data < current.next.data is true for all nodes except the last node 
(since its next is NULL)). You may assume that there are no duplicate entries (i.e., there is at most one node with 
any given value for data). 


Merging two lists means interleaving the two sorted linked lists so that they form a single sorted linked list. This 
process destroys the two original lists, since the next pointers are overwritten when creating the new list. 


Part (a) [2 marks] 


Consider the following two linked lists: 


list1:[e}-> | 


list2:[e}> | 
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Part (b) [7 Marks] 


Write the function documentation, prototype, and pseudocode for a function that takes two sorted linked lists, and 
merges them together into a single list. Make sure you clearly indicate what (if anything) the function returns, and 
what (if anything) it takes as a parameter(s). You can assume that each list has at least one Node in it. Note: you 
only need to write the pseudocode for this function; you do not need to write an implementation of it in C. 


Part (c) [2 Marks] 


Given two linked lists listi and list2, write a code fragment that uses your function from Part (b) to create a new 
linked list called list3 that is the result of merging listi and list2. 
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Question 6. [8 marks] 


Consider the following function: 


/* Starting at the first element, writes every other element of ‘a! (which 
* is 'n' elements long) into 'new' (which is X elements long). */ 
void every0therElement(const int a[], int n, int new[]); 


For example, the array {2, 5, 8, 9, 10} would produce {2, 8, 10}, and the array {45, 20, 18, 95} would 
produce {45, 18}. 


Part (a) [1 mark] 


In the above documentation, X (the length of new) is not defined. Write an expression that calculates X in terms of n. 


Part (b) [5 marks] 


Write the function: 
void everyOtherElement (const int a[], int n, int new[]) 


{ 


Part (c) [2 marks] 


Provide a code fragment that uses every0therElement() to generate the array that consists of every other element 
of array1, prints out the resulting array, and then performs any necessary cleanup. 


int array1[] = {8, 32, 43, 88}; 
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Question 7. [7 marks] 


Part (a) [5 marks] 


Write the following function: 


/* Creates and returns a new string made up of the first 'n' characters of 's1' followed by 

* the first 'm' characters of 's2'. 's1' and 's2' must be at least 'n' and 'm' characters 

* long, respectively (excluding the null characters). The resulting string must subsequently 
* be destroyed by a call to free(). */ 

char *concatPortions(const char *si, int n, const char ‘*32, int m) 


{ 


Part (b) [2 marks] 


Provide a code fragment that uses concatPortions() to create a string consisting of the first 2 characters of "exact" 
and the first 2 characters of "ambient", prints it out, and performs any necessary cleanup. 
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Question 8. [10 marks] 


In this question you will write two different functions that reverse a string. A reversed string is the string obtained 
by starting at the rightmost character, and reading right-to-left. For example, the reverse of "abc" is "cba", and 
the reverse of "hel10123" is "3210lleh". 


Part (a) [5 MARKS] 


Write reverse1(), a void function that takes a single string parameter, and overwrites that string with its reversed 
version. You must write the function iteratively (i.e., using a loop); any solution that uses recursion will receive a 
mark of 0. 


Part (b) [5 MARAI 


Write reverse2(), a void function that does the same thing as reverse1(). reverse2() must be written recursively; 
any solution that uses a loop will receive a mark of 0. 

Hint 1: you may want to write a recursive helper function. 

Hint 2: this is similar to some examples we have examined in class. 
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Question 9. [19 marks] 


Part (a) [2 marks] 


Write a definition of a struct that can store information about a book. The struct should be able to store the 
book’s title, the author’s last name, and the book’s weight (in kg). You are free to use whatever data types you 
think are appropriate for each variable. The struct should be typedef’ed with the name Book. 


Part (b) [3 marks] 


Write a function called createBook() that takes three parameters (the title, last name, and weight of the book), 
creates a new Book, sets its fields to the specified values, and returns a pointer to it. 
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Part (c) [2 marks] 


Write a void function called destroyBook() that takes a pointer to a Book as a parameter, and performs any tasks 
necessary to cleanup that struct. 


Part (d) [5 Marks] 


Write the following function: 

/* Compares 'bi' and 'b2', and returns -1 if 'bi' < 'b2', O if 'bi' == 'b2', 

* and 1 if 'bi' > 'b2'. Compares Books based on the lexicographical ordering 

* (i.e., ASCIIbetical dictionary ordering) of the authors' last names. If the 

* authors’ last names are the same, we then compare the titles. If both the authors’ 

* last names and the titles are identical, we consider the two books to be identical. */ 
int compareBooks(const Book *bi, const Book *b2); 


For example, a book by Carter would be ordered before a book by King, independent of the title. A book by Smith 
titled A C Book would be ordered before another book by Smith titled The Best C Book. 
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Part (e) [3 Marks] 


Write a code fragment that creates two Books: The C Programming Language by Kernighan and Ritchie (you can 
treat the string "Kernighan and Ritchie" as a single name) that weighs 0.43 kg, and An Introduction to Computer 
Science by Carter that weighs 0.61 kg. Your code should then compare the two Books, and print the title of the one 
that would be ordered second. Finally, you should cleanup the two Books. 


Part (f) [4 marks] 
Write the following function: 


/* Computes and returns the total weight of all of the Books in 'cart', which is an 'n' element 
* array of pointers to Books. */ 

double calculateWeight (Book *cart[], int n) 

{ 
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Question 10. [5 marks] 


Based on your experience programming in C this semester, if you were given the opportunity to change one thing 
about the C programming language, what would it be? This could include adding or removing features, changing 
how the language behaves, modifying the syntax, changing the standard library, etc. 


Justify your answer, and be specific — a response of “it should be easier” will not earn many marks. 
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Function Reference Sheet 


(Note: you are welcome to use functions that are not listed on this page, unless they have been expressly prohibited) 


/* Copies at most 'n' characters from 'src' (including the terminating '\0' character) to 'dest'. «/ 
strncpy(char *dest, const char *src, size_t n); 


/* Appends at most 'n' characters from 'src' to 'dest', and then adds a terminating '\O' character. «/ 
strncat(char *dest, const char *src, size_t n); 


/* Calculates the length of 's', not including the terminating '\O' character. */ 
size_t strlen(const char «s); 


/* Compares the two strings 'si' and 's2'. Returns an integer less than, equal to, or greater than zero if 'si' is found 
* to be less than, equal to, or greater than 's2'. «/ 
int strcemp(const char *si, const char *s2); 


/* Allocates 'size' bytes, and returns a pointer to the allocated memory. */ 
void *malloc(size_t size); 


/+* Frees the memory space pointed to by 'ptr'. 
void free(void *ptr); 


/* Changes the size of the memory block pointed to by 'ptr' to 'size' bytes, and returns a pointer to the allocated memory. */ 
void *realloc(void *ptr, size_t size); 


/+ Reads in at most 'size' - 1 characters from 'stream', and stores them in 's'. Reading stops after a newline, which is 
* stored in 's'. 's' will be null terminated. +/ 
fgets(char *s, int size, FILE *stream); 


/* Returns a pseudo-random int between O and RAND_MAX. +/ /* Sets the seed of the PRNG to 'seed'. +/ 

int rand(void); void srand(int seed); 

/* Returns the cosine of 'x', which is in radians. */ /* Returns the sine of 'x', which is in radians. */ 
double cos(double x); double sin(double x); 

/* Returns the tangent of 'x', which is in radians. */ /* Rounds 'x' to an integer value. */ 

double tan(double x); double rint(double x); 

/* Rounds 'x' up to the nearest integer value. */ /* Rounds 'x' down to the nearest integer value. */ 
double ceil(double x); double floor(double x); 

/* Returns the absolute value of 'x', +/ /* Returns the absolute value of 'x'. «/ 

int abs(int x); double fabs(double x); 

/* Returns the natural logarithm of 'x'. «/ /* Returns e raised to the power of 'x'. */ 

double log(double x); double exp(double x); 

/* Returns 'x' raised to the power of 'y'. */ /* Returns the square root of 'x'. */ 

double pow(double x, double y); double sqrt(double x); 

/* Checks if 'c' is an alphabetic character. */ /* Checks if 'c' is a digit. */ 

int isalpha(int c); int isdigit(int c); 

/* Checks if 'c' is an upper case letter. +/ /* Checks if 'c' is a lower case letter. */ 

int isupper(int c); int islower(int c); 

/* Converts 'c' to upper case, if possible. +/ /* Converts 'c' to lower case, if possible. */ 

int toupper(int c); int tolower(int c); 
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[You may use these pages for either rough work or as additional space for your solutions to other questions. These pages will not be 
marked, unless you clearly indicate the part of your work that you want us to mark.] 
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[You may use these pages for either rough work or as additional space for your solutions to other questions. These pages will not be 
marked, unless you clearly indicate the part of your work that you want us to mark.] 
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December 14, 2012 

2:00 p.m. — 4:30 p.m. 
(150 minutes) 


Examiners: J. Anderson, B. Li, M. Sadoghi, D. Sengupta, G. Steffan 


Exam Type A: This is a “closed book” examination; no aids are permitted. 

Calculator Type 4: No calculators or other electronic devices are allowed. 

All questions are to be answered on the examination paper. If the space provided for a question 
is insufficient, you may use the last page to complete your answer. If you use the last page, 
please direct the marker to that page and indicate clearly on that page which question(s) you are 
answering there. 

You must use the C programming language to answer programming questions. You are not re- 
quired to write #include directives in your solutions. You may use any math function that you 
have learned, as necessary. 


The examination has 21 pages, including this one. 


Circle your lecture section (one mark deduction if you do not correctly indicate your section): 
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Li Li Anderson Steffan Sengupta Sadoghi 
Monday 2PM Monday9AM Monday 11 AM Monday11 AM Monday4PM Monday 4PM 
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Question 1 [3 Marks] 


How would the following sorting algorithms perform when sorting the example arrays given? In 
particular, for each algorithm, count the number of times that two numbers from the array would 
be compared, and give that number as an answer. 


Array 1:5 4 3 2 1 


| Algorithm Answer 
l Selection sort 


Insertion sort 


Array 2:1 4 2 5 3 


Algorithm | Answer 


Selection sort 
Insertion sort 


Array 3:1 2 3 4 5 


Algorithm Answer 
Selection sort 
Insertion sort | 


LL 


Question 2 [3 Marks] 


Consider the following C program: 


#include <stdio.h> 


void visitGrid(int x, int y) 


{ 
if (x < 10 && y < 10) 
{ 
visitGrid(x + 1, y); 
visitGrid(x, y + 1); 
printf ("%d,%d\n", x, y); 
} 
} 
int main (void) 
{ 
visitGrid(0, 0); 
return 0; 
} 


In the space below, write only the first three lines that would be printed by its execution. 


Question 3 [3 Marks] 


Write a single C statement that declares a int type variable named r and initializes it to a random 
number between 50 and 1500 inclusive, where the random number is divisible by 10. 


Question 4 [3 Marks] 


Circle and correct the errors in the following complete C program. You should cross out any lines 
with errors and rewrite them. 


#include <stdio.h> 
#include <string.h> 
#include <stdlib.h> 


int main(void) 


{ 


char «str = ‘pass the exam’; 
char «*str2 = (char)malloc(strlen(str) «sizeof (char) ); 


strepy(str2, str); 
printf ("%s s\n", str, str2); 


return 0; 


} 


A correct execution of the program should print: 


pass the exam pass the exam 


Question 5 [4 Marks] 
What output does the following C program produce? 


#include <stdio.h> 


int foo(int *num) 
int result = «num * 2; 
num = &result; 
(*num) ++; 
return num + result; 


} 


int main(void) 
int num = 3; 
printf ("num = %d, foo(num) = %d, num = sda\n", num, foo(&num), num) ; 
return 0; 


} 


Question 6 [4 Marks] 


What output does the following program produce? 


#include <stdio.h> 
#include <string.h> 


void foo(char *s, char xd) 


foo(s + 1, d - 1); 
printf ("%c $c\n", *s, *d); 


} 
} 


int main (void) 

{ 
char xhello = "Hello World"; 
foo(hello, hello + strlen(hello) 
return 0; 


} 


Question 7 [4 Marks] 
What is the output of the following program? 


#include <stdio.h> 


void quicksort (int list[], int low, int high) 


{ 
printf ("%d,%d\n", low, high); 
if (low <= high) 
{ 
double pivot = list [low]; 
int left = low; 
int right = high; 
while (left < right) 
{ 
while (list[right] >= pivot && left < right) 
right--; 
list [left] = list [right]; 
while (list[left] <= pivot && left < right) 
left++4; 
list [right] = list[left]; 
list [left] = pivot; 
quicksort (list, low, left - 1); 
quicksort (list, right + 1, high); 
} 
} 


int main (void) 


{ 
int list[] = {5, 7, 2}; 
quicksort (list, 0, 2); 


} 


Question 8 [4 Marks] 


Given the following C function: 


void theNineAgesOfMan () 


{ 
char words[5][8] = {"not", 
"old", 
"enough", 
"to know", 
"better" }; 
for (int i = 0; i < 9; i++) 
{ 
int start = i % 2; 
int stop = 5 - i/2; 
for (int j = start; j < stop; j++) 
printf ("%s ", words{j]); 
printf ("\n"); 
} 
} 


In the space below, write the output that would be printed if this function were called (a poem by 
Emerson Andrews). 


Question 9 [8 Marks] 


Write a C function called borderSum, the prototype of which is given below, that returns the sum 
of the values in the border ofan x narray containing integers. The sum should include values in 
the top and bottom rows, and the leftmost and rightmost columns, but include the corner values 
in the sum only once. For example, if the input array a is: 


9 12 16 8 
13 10 11 16 


withn = 4, the function borderSum(4, a) should return 100. 
Assume that the value of N is greater than 0. 


Hint: Consider three different cases ofn: n = 1,n = 2andn > 2. 


int borderSum(int n, int **a) 


{ 


Question 10 [8 Marks] 


Write a complete C function named findLongestSequence, the prototype of which is given 
below, that receives two parameters: a non-empty array list containing unique positive integers 
(without duplicates), and the size of the array size. The function returns the length of the longest 
sequence of increasing numbers in the array. For example if the input array list is: 


12 14 16 8 9 10 11 21 6 


The function findLongestSequence (list, 9) should return 5, since the longest sequence of 
increasing numbersis8, 9, 10, 11, 21. 


Important: You are not allowed to use any additional array within the function. 


int findLongestSequence(int list[], int size) 


{ 
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Question 11 [8 Marks] 


Write a complete C function called produceRandomNumbers, the prototype of which is given 
below, that receives an array list and the size of the array Length as its parameters. The function 
fills all the elements in the array with randomly generated integer values in the range between 1 
and length » 2 inclusive, with the requirement that all integer values in the array must be 
unique, i.e., there are no duplicates. 


void produceRandomNumbers (int list[], int length) 


{ 
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Question 12 [8 Marks] 


Write a C function called checkPlagiarism, the prototype of which is given below, that returns 
true if two suspected input codes (code1) and (code2) have high similarity. High similarity 
is defined as matching exactly, but ignoring any spaces (° ‘) or return characters (’\n’). For 
example, the function checkPlagiarism() returns true when comparing the example strings 
c1 and c2 below. Do not use recursion in your solution. You can assume that codel and code2 
are null-terminated strings. Hint: Your code should return false as soon as it finds evidence of 
a mis-match. 


#include <stdio.h> 
#include <stdbool.h> 


bool checkPlagiarism(char *codel, char «*code2) ; 


int main(void) 


{ 


char c1[] = "int main(void){\n int x = 10;\n int z = x + 5;\n return 0;\n}\n"; 
char c2[] = “int main(void){\n int x=10;\n int z=x+5;\n\n\n return 0;\n}\n"; 


printf ("sd\n", checkPlagiarism(cl, c2)); 


} 


bool checkPlagiarism(char *codel, char *code2) 


{ 
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Question 13 [8 Marks] 


Given an unsorted array of size length, insertion sort builds the sorted array by visiting each el- 
ement from index 1 forward to the end of the array (index length - 1). A variation of insertion 
sort visits each element in the unsorted array from index length - 2 backward to the start of the 
array. At any given iteration, if the index of the visited element is i then one has to find the correct 
position of the element in the already sorted list starting from index i + 1 to length - 1. For 
example, if the input unsorted array is: 


9 16 7 2 5 4 3 


then the content of the array after each iteration is shown below: 


9 16 7 2 5 3 4 
9 16 7 2 3 4 5 
9 16 7 2 3 4 5 
9 16 2 3 4 5 7 
9 2 3 4 5 7 16 
2 3 4 5 7 9 16 


The sorted sublist after each iteration is shown in bold font. Note that the array is to be sorted in 
ascending order. 


Write a C function called newInsertionSort, the prototype of which is given below, that re- 
ceives a non-empty array list containing positive integers and the size of the array length as 
its parameters and sorts the elements in the array in ascending order using the above technique. 


Important: You are not allowed to use any additional arrays within the function. Solutions using 
additional arrays within the function will receive 0 marks. 
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void newInsertionSort (int list[], int length) 


{ 


14 


Question 14 [8 Marks] 


The following sentences are examples of palindromic sentences because, when spaces and punc- 
tuation are removed, the remaining words are palindromes (palindromes read the same in both 
directions). 


never odd or even. 
a nut for a jar of tuna. 
no lemon, no melon. 


Write a recursive C function called isPalindromicSentence that determines if a string (passed 
in as a parameter) is a palindromic sentence. You may assume the string contains only lower-case 
characters, and that the only punctuation marks used are ‘.‘ and ',’. You may write a helper 
function (and have that helper function be recursive rather than the isPalindromicSentence 
function). You may only use the strlen function from the string.h library, and may not use 
any other functions from st ring. h. Solutions that do not use recursion will receive 0 marks. You 
are not allowed to allocate any new arrays in your solution. 


bool isPalindromicSentence (char *str) 


{ 
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Question 15 [8 Marks] 


The Node structure in a linked list has been defined as follows: 


typedef struct node 


int info; 
struct node xlink; 
} Node; 


Write a C function called deleteFirstLast, the prototype of which is given below, that deletes 
the first and the last node in a linked list pointed to by head, and returns a pointer to the head of 
the linked list after deletion. If the linked list is empty, the function returns NULL. If the linked list 
has only one node, the function deletes that node and returns NULL. 


Node * deleteFirstLast (Node *head) 


{ 
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Question 16 [8 Marks] 


Write a recursive C function called get TwoHighest, the prototype of which is given below, that 
finds the two largest elements in an array (passed in as a parameter) and stores them in two integer 
variables, pointers to which are passed in as parameters. An example illustrating the use of this 
function is given below. In this example, the output 13 12 is printed on a line (since these are the 
largest two elements in the array list1), followed by the output 7 7 (since these are the largest 
two elements in the array 1ist2). You may assume the function is called for an array with at 
least 2 elements. Solutions that do not use recursion will receive 0 marks. You are allowed to use 
a helper function if you wish. 


int main (void) 


{ 


int a, b; 


int listi[] = (5, 7, 13, 10, 12}; 
getTwoHighest (listl, 5, &a, &b); 
printf ("sd d\n", a, b); 


int list2[] = {7, 6, 7, 2}; 
getTwoHighest (list2, 4, &a, &b); 
printf ("3d d\n", a, b); 


return 0; 


} 


void getTwoHighest (int list[], int n, int first, int »second) 


{ 
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Question 17 [8 Marks] 


The Node structure in a linked list has been defined as follows: 


typedef struct node 
int info; 
struct node xlink; 
} Node; 


Write a C function called sp1itSwap, the prototype of which is given below, that finds the node 
with info equal to the parameter item. This node is used for splitting the linked list into a left 
and a right list. The left list contains all the nodes to the left of the splitting node, and the right list 
contains all the nodes to the right of the splitting node. The splitting node itself is included in the 
left list. The sp1itSwap function returns the modified linked list by swapping the left and right 
lists. 


If the input linked list is 
1->9->13->4->5->6->17->8->NULL 


then after calling the splitSwap function with item = 5, the modified linked list returned by 
the function is 


6->17->8->1->9->13->4->5->NULL 


Assume all info values are unique in the linked list. Also, if the item is not found, then the 
original linked list is simply returned without any modification. 
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Node « splitSwap (Node xhead, int item) 


{ 
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Question 1 [3 Marks] 


How would the following sorting algorithms perform when sorting the example arrays given? In 
particular, for each algorithm, count the number of times that two numbers from the array would 
be compared, and give that number as an answer. 


Array 1:5 4 3 2 1 


Solution: 
Algorithm Answer | 
Selection sort 10 | 
Insertion sort 10 | 


Array 2:1 4 2 5 3 


Solution: 
Algorithm Answer | 
Selection sort 10 | 
Insertion sort 7 | 


Array 3:1 2 3 4 5 


Solution: 
Algorithm Answer | 
Selection sort 10 | 
Insertion sort 4 | 


Question 2 [3 Marks] 


Consider the following C program: 


#include <stdio.h> 


void visitGrid(int x, int y) 
{ 
if (x < 10 && y < 10) 
{ 
visitGrid(x + 1, y); 
visitGrid(x, y + 1); 
printf ("sd,sd\n", x, y); 


int main(void) 

{ 
visitGrid(0, 0); 
return 0; 


} 


In the space below, write only the first three lines that would be printed by its execution. 
Solution: 


Question 3 [3 Marks] 


Write a single C statement that declares a int type variable named r and initializes it to a random 
number between 50 and 1500 inclusive, where the random number is divisible by 10. 
Solution: 


int r = (rand() % 146 + 5) x» 10; 


Question 4 [3 Marks] 


Circle and correct the errors in the following complete C program. You should cross out any lines 
with errors and rewrite them. 


#finclude <stdio.h> 
#include <string.h> 
#include <stdlib.h> 


int main(void) 
{ 
char xstr = 'pass the exam’; 
char xstr2 = (char)malloc(strlen(str)«sizeof(char)); 


strcpy (str2, str); 
printf("Ss Ss\n", str, str2); 


return 0; 


} 


A correct execution of the program should print: 
pass the exam pass the exam 
Solution: 


1) malloc result should be cast to char x 
2) we need to malloc strlen(str)+1l [for the NULL character] 
3) should be " " around the string instead of ’ ’ 


Question 5 [4 Marks] 
What output does the following C program produce? 


#include <stdio.h> 


int foo(int *num) 


{ 


int result = *num * 2; 
num = &result; 
(*num) ++; 


return «num + result; 


int main (void) 


{ 


int num = 3; 
printf("num = %d, foo(num) = Sd, num = %d\n", num, foo(&num), num); 
return 0; 


} 
Solution: 


num = 3, foo(num) = 14, num = 3 


Question 6 [4 Marks] 
What output does the following program produce? 


#include <stdio.h> 
#include <string.h> 


void foo(char xs, char xd) 


{ 


foo(s + 1, d- 1); 
printf("Sc Sc\n", *s, *d); 


int main(void) 

{ 
char *hello = "Hello World"; 
foo(hello, hello + strlen(hello) - 1); 
return 0; 


} 


Solution: 


QrFrRoOs:Ss 


Question 7 [4 Marks] 
What is the output of the following program? 


#include <stdio.h> 


void quicksort (int list[], int low, int high) 
{ 
printf ("Sd,%d\n", low, high); 
if (low <= high) 
{ 
double pivot = list[low]; 
int left = low; 
int right = high; 


while (left < right) 
{ 
while (list[right] >= pivot && left < right) 
Eight==; 
list[left] = list[right]; 


while (list[left] <= pivot && left < right) 
leftt+; 


list[right] = list[left]; 
} 


list[left] = pivot; 
quicksort (list, low, left = 1); 
gquicksort (list, right + 1, high); 


int main(void) 
{ 
int list[] = {5, 7, 2}; 
quicksort(list, 0, 2); 
} 


Solution: 


Question 8 [4 Marks] 


Given the following C function: 


void theNineAgesOfMan () 
{ 


char words[5][8] = {"not", 
Mold", 
"enough", 
"to know", 
"better" }; 
for (int i = 0; i < 9; itt) 
{ 
int start = i % 2; 
int stop = 5 1/2; 


for (int j = start; j < stop; j++) 
printf ("%s ", words[j]); 
printf ("\n"); 


} 


In the space below, write the output that would be printed if this function were called (a poem by 
Emerson Andrews). 


Solution: 

not old enough to know better 
old enough to know better 

not old enough to know 

old enough to know 

not old enough 

old enough 

not old 

old 

not 


Question 9 [8 Marks] 


Write a C function called borderSum, the prototype of which is given below, that returns the sum 
of the values in the border ofan x narray containing integers. The sum should include values in 
the top and bottom rows, and the leftmost and rightmost columns, but include the corner values 
in the sum only once. For example, if the input array a is: 


8 6 Qa «5 
1 5 2 4 
9 2 6 8 
3 10 1 16 
with n = 4, the function borderSum (4, a) should return 100. 


Assume that the value of N is greater than 0. 


Hint: Consider three different cases of n: n = 1,n = 2andn > 2. 
Solution: 


int borderSum(int n, int x**a) 


{ 


int sum = 0, col, row; 
if(n == 1) 
sum = a[0] [0]; 
else if (n == 2) 
sum = a[0O] [0] + a[O][1] + afl] [0] + a[1] [1]; 
else 
{ 
for (col = 0; col < n; coltt) 


sum += a[0] [col] + a[n-1] [col]; 


for (row = 1; row < n-1; rowtt) 
sum += a[row][0] + a[row] [n-1]; 


return sum; 


Question 10 [8 Marks] 


Write a complete C function named findLongestSequence, the prototype of which is given 
below, that receives two parameters: a non-empty array 1ist containing unique positive integers 
(without duplicates), and the size of the array size. The function returns the length of the longest 
sequence of increasing numbers in the array. For example if the input array list is: 


12. 24 T6- “8 9 L0 -T I-21 6 


The function findLongestSequence (list, 9) should return 5, since the longest sequence of 
increasing numbers is 8, 9, 10, 11, 21. 


Important: You are not allowed to use any additional array within the function. 
Solution: 


int findLongestSequence (int list[], int size) 
{ 
int start = 0, end = 0, length = 0; 


for (int i = 1; i < size; i++) 
{ 
if (list[i] > list[i-1]) 
end++; 
else 


{ 
if (end - start + 1 > length) 
length = end - start + 1; 


start = end = i; 


if (end - start + 1 > length) 
length = end - start + 1; 


return length; 
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Question 11 [8 Marks] 


Write a complete C function called produceRandomNumbers, the prototype of which is given 
below, that receives an array list and the size of the array length as its parameters. The function 
fills all the elements in the array with randomly generated integer values in the range between 1 
and length » 2 inclusive, with the requirement that all integer values in the array must be 
unique, i.e., there are no duplicates. 
Solution: 


{ 


void produceRandomNumbers (int list[], int length) 

int «status = (int *) malloc(sizeof(int) * (length « 2 + 1)); 
int i; 
for (i = 1; i <= length * 2; i ++) 

status[i] = 0; 
for (i = 0; i < length; i ++) 
{ 

do 

list[i] = rand() % (length » 2) + 1; 
while (status[list[i]]); 
status[list[i]] = 1; 


} 


free (status) 


r 
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Question 12 [8 Marks] 


Write a C function called checkP lagiarism, the prototype of which is given below, that returns 
true if two suspected input codes (code1) and (code2) have high similarity. High similarity 
is defined as matching exactly, but ignoring any spaces (” ’) or return characters (’ \n’). For 
example, the function checkPlagiarism() returns true when comparing the example strings 
cl and c2 below. Do not use recursion in your solution. You can assume that codel and code2 
are null-terminated strings. Hint: Your code should return false as soon as it finds evidence of 


a mis-match. 


#include <stdio.h> 
#include <stdbool.h> 


bool checkPlagiarism(char xcodel, 


char *code2); 


int main(void) 


{ 
char cll] 
char c2[] 


printf ("Sd\n", 


} 


Solution: 


bool checkPlagiarism(char xcodel, 


{ 
while 
{ 
if 
{ 


(*code 


codel 
code2 


} 
else 
{ 

if («co 
codel 


= "ini 


main (void) {\n int x = 10;\n in 
main(void){\n int x=10;\n 


"int 


(ho GT 


(Tr CT 


int 


checkPlagiarism(cl, c2)); 


char xcode2) 


(*xcodel && xcode2) 


lse if 
code2 


lse 
retur 


if (!«codel 


1 == «code2) 
r 
, 
del == ’\n’ || *codel ==’ ') 
7 
(xcode2 == '\n’ || *code2 == ' t) 
7 
n false; 
&& !xcode2) 


return true; 
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x + 5;\n return 0;\n}\n"; 
Z=x+5;\n\n\n return 0;\n}\n"; 


Z = 


else 
return false; 
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Question 13 [8 Marks] 


Given an unsorted array of size length, insertion sort builds the sorted array by visiting each el- 
ement from index 1 forward to the end of the array (index length - 1). A variation of insertion 
sort visits each element in the unsorted array from index length - 2 backward to the start of the 
array. At any given iteration, if the index of the visited element is i then one has to find the correct 
position of the element in the already sorted list starting from index i + 1 to length - 1. For 
example, if the input unsorted array is: 


9 16 7 2 5 4 3 


then the content of the array after each iteration is shown below: 


9 16 7 2 5 3 4 
9 16 7 2 3 4 5 
9 6 7 2 3 4 5 
9 6 2 3 4 5 7 
9 2 3 4 5 7 16 
2 3 4 5 7 9 16 


The sorted sublist after each iteration is shown in bold font. Note that the array is to be sorted in 
ascending order. 


Write a C function called newInsertionSort, the prototype of which is given below, that re- 
ceives a non-empty array list containing positive integers and the size of the array length as 
its parameters and sorts the elements in the array in ascending order using the above technique. 


Important: You are not allowed to use any additional arrays within the function. Solutions using 
additional arrays within the function will receive 0 marks. 
Solution: 


void newInsertionSort (int list[], int length) 


{ 
int Op, Ty 
int item; 


for (top = length - 2; top >= 0; top--) 
{ 


item = list[top]; 
1 = top; 
while (i < length - 1 && item > list[i+1]) 
{ 
list[i] = list[i+1l]; 
i++; 
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Question 14 [8 Marks] 


The following sentences are examples of palindromic sentences because, when spaces and punc- 
tuation are removed, the remaining words are palindromes (palindromes read the same in both 
directions). 


never odd or even. 
a nut for a jar of tuna. 
no lemon, no melon. 


Write a recursive C function called isPalindromicSentence that determines if a string (passed 
in as a parameter) is a palindromic sentence. You may assume the string contains only lower-case 
characters, and that the only punctuation marks used are’ .’ and ’,’. You may write a helper 
function (and have that helper function be recursive rather than the isPalindromicSentence 
function). You may only use the strlen function from the string-.h library, and may not use 
any other functions from st ring .h. Solutions that do not use recursion will receive 0 marks. You 
are not allowed to allocate any new arrays in your solution. 

Solution: 


bool isPalindromicSentenceHelper(char *start, char xend) 


{ 


while ((start <= end) && («start == ’.’ || *start == ’,’ || «start == 
starttt; 

while ((end >= start) && (*end == ’.’ || *end == ’,’ || *end == ’ ’)) 
end--; 


if (end <= start) 
return true; 


if (*end != xstart) 
return false; 


return isPalindromicSentenceHelper(start + 1, end - 1); 


bool isPalindromicSentence(char *str) 


{ 


return isPalindromicSentenceHelper(str, str + strlen(str) - 1); 
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Question 15 [8 Marks] 
The Node structure in a linked list has been defined as follows: 


typedef struct node 
{ 

int info; 

struct node *link; 
} Node; 


Write a C function called deleteFirstLast, the prototype of which is given below, that deletes 
the first and the last node in a linked list pointed to by head, and returns a pointer to the head of 
the linked list after deletion. If the linked list is empty, the function returns NULL. If the linked list 
has only one node, the function deletes that node and returns NULL. 

Solution: 


Node x deleteFirstLast (Node xhead) 
{ 


if (head == NULL) 
return NULL; 


if (head->link == NULL) 
{ 

free (head); 

return NULL; 


if (head->link->link == NULL) 
{ 

free (head->link) ; 

free (head); 

return NULL; 


// Initialize current and newHead to point to the 2nd node 
Node x*current = head->link; 
Node *newHead = head->link; 


// Delete the first node 
free (head); 


while (current->link->link != NULL) 
current = current-—>link; 


free (current-—>link); 


current->link = NULL; 
return newHead; 


17 


Question 16 [8 Marks] 


Write a recursive C function called get TwoHighest, the prototype of which is given below, that 
finds the two largest elements in an array (passed in as a parameter) and stores them in two integer 
variables, pointers to which are passed in as parameters. An example illustrating the use of this 
function is given below. In this example, the output 13 12 is printed on a line (since these are the 
largest two elements in the array 1ist1), followed by the output 7 7 (since these are the largest 
two elements in the array list2). You may assume the function is called for an array with at 
least 2 elements. Solutions that do not use recursion will receive 0 marks. You are allowed to use 
a helper function if you wish. 


int main(void) 
{ 


int a, b; 


int listl[] = {5, 7, 13, 10, 12}; 
getTwoHighest (listl, 5, &a, &b); 
printf("Sd Sd\n", a, b); 


int list2[] = {7, 6, 7, 2}; 
getTwoHighest (list2, 4, &a, &b); 
printf("Sd Sd\n", a, b); 


return 0; 


} 


Solution: 


void getTwoHighest (int list[], int n, int «first, int *second) 


{ 


if (n > 2) 


{ 
getTwoHighest (list + 1, n - 1, first, second); 


if (list[0] >= xfirst) 
{ 
xsecond = xfirst; 
xfirst = list[0]; 


} 
else if (list[0] >= *second) 
xsecond = list[0]; 
} 
else // n == 
{ 
if (list[0] > list[1]) 
{ 


«first = list[0]; 
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*second = list[1]; 
} 
else 
{ 
«first = list[1]; 
*second = list[0]; 
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This page has been left blank intentionally. You may use it to answer Question 16. 
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Question 17 [8 Marks] 


The Node structure in a linked list has been defined as follows: 


typedef struct node 
{ 

int info; 

struct node *link; 
} Node; 


Write a C function called split Swap, the prototype of which is given below, that finds the node 
with info equal to the parameter item. This node is used for splitting the linked list into a left 
and a right list. The left list contains all the nodes to the left of the splitting node, and the right list 
contains all the nodes to the right of the splitting node. The splitting node itself is included in the 
left list. The sp1itSwap function returns the modified linked list by swapping the left and right 
lists. 


If the input linked list is 


1->9->13->4->5->6->17->8->NULL 


then after calling the sp1itSwap function with item = 5, the modified linked list returned by 
the function is 


6->17->8->1->9->13->4->5->NULL 


Assume all info values are unique in the linked list. Also, if the item is not found, then the 
original linked list is simply returned without any modification. 
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Solution: 


Node x» splitSwap 
{ 


Node «curren 


// Handle th 
if (!current 
return h 


// Find the item 


while 
current 
if (current- 


{ 


//Save the address of splitting node 


split = 


(Node *head, int 


t = head, xsplit; 
e empty list 
) 


ead; 


for splitting the list 
(current->link && current-—>info 


= current-—>link; 


>link) 


current; 


item) 


I= 


//Find the last element in the list 


while (c 
cur 


//Swap the list at position split 


current-— 
head = s 
split->l 


return head; 


urrent-—>link) 
rent = 


>link = head; 
plit-—>link; 
ink = NULL; 


current-—>link; 
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item) 


This page has been left blank intentionally. You may use it for answers to any questions. 
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Question 0. 


Write your student number in the space provided at the bottom of each odd-numbered page. Failure to do so 
will result in a 2 mark deduction. 


Question 1. [7 MARKS] 
Part (a) [4 Marks] 


Write the pseudocode for a descending order (largest to smallest) selection sort: 


Part (b) [3 MARKS] 


Given the following set of ints, illustrate the progression of a descending order selection sort. In other words, for 
each iteration of the sort, clearly indicate what the algorithm is doing, and draw the configuration of the list every 
time a number is moved. 


9, 49, 23, 55, 31 (initial order) 


55, 49, 31, 23, 9 (final sorted order) 
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Question 2. [5 MARKS] 


Consider the following program: 


bool isEven(int i) 


{ 


int 


int 


} 


Write the output of this program. You may use the space provided to the right of the program. 


Student #: ps 1 » rı pt ıı) 


bool result = (i % 2 == 0); 
if (result) 


{ 

printf ("%d is even\n", i); 
} 
else 
{ 

printf("%d is odd\n", i); 
} 


return result; 


f (double d) 
d++; 
printf ("d: %g\n", d); 


return d / 2; 


main(void) 


bool b = true; 
int i = 0; 
double d = 3.5; 


FINAL EXAMINATION 


for (int j = i; j < f(a); j++, d++) 


{ 
if (b || isEven(j)) 
{ 
printf ("j: %d\n", j); 
} 
b = !b; 
i++; 
} 
f(i); 


printf ("i: %d\n", i); 


return 0; 
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Question 3. [6 marks] 


Winter 2012 


The following code has several mistakes in it. These mistakes include syntax errors, logic problems (i.e., bugs), and 


style issues. 


One mistake (misspelling int) is already circled. 


1 main(void) 


int size; 
printf("Enter size: \n"); 
scanf("%d", size); 


int list[] = malloc(size + sizeof(int *)); 


for (i == 0; i < size; i++) 
{ 

list[i] = i 
} 


int Increase; 

printf ("Enter increase: ); 
scanf("%d", &Increase); 

int newSize = size + Increase; 


realloc(list, newSize); 


for (i = size + 1; i < newSize; i++) 


{ 
list [i] = 0; 
} 
for (i = 0; i < newSize; i++) 
{ 
printf ("⁄g\n", list[i]); 
} 
if (list != '\0') 
{ 
free(list, newSize); 
} 


free(Increase, 1); 


} 


Part (a) [1 Mark] 
What is this code trying to do? 


Page 4 of 20 


CONT’D... 


Winter 2012 FINAL EXAMINATION APS 105H1S 


Part (b) [5 Marks] 


For each mistake, circle the relevant section of code, and write a number next to the circle. Then, in the space 
provided below, briefly describe each mistake and provide a possible correction. One mistake (misspelling int) is 
already circled, numbered, and described to demonstrate the format you should use. 


There are many mistakes in this program; to earn full marks, you will need to correctly identify (and provide the 
appropriate correction for) 10 mistakes in addition to the one already provided below. Note: if the same error appears 
in more than one location, repeated occurrences can not be counted as separate errors (e.g., if there was a second 
function that also misspelled its return type of int, both misspelled return types would be considered a single error, 
and not a pair of errors). However, a single line can contain more than one mistake, if the errors are distinct (e.g., 
if the declaration read in main(), the absence of void could be counted as a second error). 


1. Return type of main() is misspelled in rather than int. 
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Question 4. [7 marks] 


Consider the following code: 


int i; 

int j = 1; 

char c[] = {'A', 'P', 'S'}; 
int a[] = {1, 2, 3, 4}; 
int *p; 

int *q; 

char *r; 


/* Initial memory snapshot taken here. */ 
= &c[2]; 


r 
P 
q=a+3; 
*r = c[*p]; 
i 


For each of the statements listed on the next page, fill in the values that each variable would have after that statement 


has executed. Pointers should be drawn as arrows. 


Note that the statements are cumulative; changes to variables that are made on one line persist to 


the next statement. 
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i = *(a + 1); 


*q = *p; 


pij] = *(q - 1); 
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Question 5. [9 MARKS] 


Here is the documentation and prototype for a function called generat eUniqueRandoms(): 


/* Allocates a new array of ints of size 'n', and fills it with 'n' unique 
pseudorandom numbers between 0 and 'max' (inclusive). 

No number appears more than once in the array. 

Seeds the pseudorandom number generator with 'seed' before generating any numbers. 
'max' must be >= 'n', and both 'max' and 'n' must be >= 0. 

* The resulting array must subsequently be destroyed by a call to free(). */ 

int *generateUniqueRandoms(int n, int max, int seed); 


* * * * 


For example, if a call was made to generateUniqueRandoms (5, 8, 10), it might return an array containing 6, 3, 
1, 0, and 8 (i.e., five unique pseudorandom numbers between 0 and 8, generated using a seed of 10). 


Part (a) [3 MARKS] 


Assume you have ints named numValues, maxValue, and seed containing appropriate and valid values. Write a 
code fragment that generates numValues pseudorandom numbers between 0 and maxValue, prints them out (one per 
line), and performs any necessary cleanup. Your code fragment should call generateUniqueRandoms(). 
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Part (b) [6 marks] 


Write generateUniqueRandons(): 


int *generateUniqueRandoms(int n, int max, int seed) 


{ 
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Question 6. [13 MARKS] 


For this question, you will make use of linked lists that have been built out of the following struct: 


typedef struct node 


{ 
double score; 
struct node *next; 
} Node; 


Part (a) [2 MARKS] 


Draw the linked list containing the following scores: 4.2, 5.8, 8.6, 3.1 
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Part (b) [5 Marks] 


Write findLargestIterative(), a function that takes a linked list as a parameter, and returns the largest score in 
the list. For example, if given the list from Part (a), the function would return 8.6. You can assume that the linked 
list always contains at least one Node. You must write this function iteratively (i.e., using a loop); any solution that 
uses recursion will receive a mark of 0. 


Part (c) [6 MARKS] 


Write findLargestRecursive(), which does the same thing as findLargestIterative(). findLargestRecursive() 
must be written recursively; any solution that uses a loop will receive a mark of 0. 
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Question 7. [16 marks] 
Part (a) [2 MARKS] 


Write a definition of a struct that can be used to store information about a finishing time in a race. The struct 
should be able to store a racers’s first name, last name, bib number (a positive whole number between 1 and 1000), 
and finishing time (a whole number of seconds). You are free to use whatever data types you think are appropriate 
for each variable. The struct should be typedef’ed with the name Racer. 


Part (b) [3 marks] 


Write a function called createRacer() that takes four parameters (the racers’s first name, last name, bib number, 
and finishing time), creates a new Racer, sets its fields to the specified values, and returns a pointer to it. 


Part (c) [2 MARKS] 


Write a void function called destroyRacer() that takes a pointer to a Racer as a parameter, and performs any 
tasks necessary to cleanup that struct. 
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Part (d) [5 Marks] 


Assume that a list of racers is maintained as an unsorted array of pointers to Racer. The array can contain empty 
spaces, which are denoted by NULL pointers. 


Write the following function: 


/* Adds 'racer' to ‘racerList', which is an 'n' element array of pointers to Racers. 
* 'racerList! must contain at least one empty space; if there is more than one empty 
* space in the array, 'racer' is added to the first available space. 

* Returns the index where 'racer' was added. */ 
int addToRacerList(Racer *#racer, Racer *racerList[], int n) 


{ 


Part (e) [4 MARKS] 


Assume that you have a list of racers stored in an array of Racer * of size listSize named racerList. Using the 
functions defined above, write a code fragment that creates a new racer named Homer Simpson with a bib number 
of 742 and a finishing time of 239 seconds, and adds him to racerList. Next, consider the array index immediately 
before the position where Homer was added. If it’s a valid index and there is a racer stored in that position, print 
out their first and last name, and then delete them from the list. - 


Student #: g- p r a1 raros Page 13 of 20 CONT'D... 


APS 105H1S FINAL EXAMINATION Winter 2012 


Question 8. [7 marks] 

Consider the following function: 

/* Creates and returns a new string that is made up of 'n' copies of the string 's'. 
* Each copy of 's' is seperated by the character 'seperator'. 'n' must be >= 1. 


* The resulting string must subsequently be destroyed by a call to free(). */ 
char *duplicateString(const char s{], int n, char seperator); 


For example, a call to duplicateString("ABC", 2, '*') would result in the string "ABC*ABC", and a call to 
duplicateString("105", 3, '!') would result in the string "105!105!105". Note that the final repetition of 's' 
is not followed by a separator character. In other words, the string in the first example is "ABC*ABC", not "ABC*ABC*". 


Write the function: 


char *duplicateString(const char s[], int n, char seperator) 


{ 
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Question 9. [5 MARKS] 


Based on your experience programming in C this semester, if you were given the opportunity to change one thing 
about the C programming language, what would it be? This could include adding or removing features, changing 
how the language behaves, modifying the syntax, changing the standard library, etc. 


Justify your answer, and provide at least one example that illustrates the existing problem with the language that 
you are fixing, and describe how your change would improve the situation. Be specific — a response of “it should be 
easier” will not earn many marks. 
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[You may use these pages for either rough work or as additional space for your solutions to other questions. These 
pages will not be marked, unless you clearly indicate the part of your work that you want us to mark.] 
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[You may use these pages for either rough work or as additional space for your solutions to other questions. These 
pages will not be marked, unless you clearly indicate the part of your work that you want us to mark.] 
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[You may use these pages for either rough work or as additional space for your solutions to other questions. These 
pages will not be marked, unless you clearly indicate the part of your work that you want us to mark.] 
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Function Reference Sheet 


(Note: you are welcome to use functions that are not listed on this page, unless they have been expressly prohibited) 


/* Copies at most 'n’ characters from 'src' (including the terminating '\O' character) to ‘dest’. +/ 
strncpy(char #dest, const char *src, size_t n); 


/* Appends at most 'n' characters from 'src' to 'dest', and then adds a terminating '\0' character. */ 
strocat(char *dest, const char *src, size_t n); 


/* Calculates the length of 's', not including the terminating '\0' character. */ 
size_t strlen(const char *s); 


/* Compares the two strings 'si' and 's2'. Returns an integer less than, equal to, or greater than zero if 'si' is found 
* to be less than, equal to, or greater than 's2'. */ 
int stremp(const char *s1, const char *s2); 


/* Allocates 'size' bytes, and returns a pointer to the allocated memory. */ 
void *malloc(size_t size); 


/* Frees the memory space pointed to by 'ptr'. 
void free(void *ptr); 


/* Changes the size of the memory block pointed to by 'ptr' to 'size' bytes, and returns a pointer to the allocated memory. */ 
void *realloc(void *ptr, size_t size); 


/* Reads in at most 'size' - 1 characters from 'stream', and stores them in 's'. Reading stops after a newline, which is 
* stored in 's'. ‘'s' will be null terminated. */ 
fgets(char *s, int size, FILE *stream) ; 


/* Returns a pseudo-random int between O and RAND_MAX. */ /* Sets the seed of the PRNG to 'seed'. */ 

int rand(void); void srand(int seed); 

/* Returns the cosine of 'x', which is in radians. */ /* Returns the sine of 'x', which is in radians. */ 
double cos(double x); double sin(double x); 

/* Returns the tangent of 'x', which is in radians. */ /* Rounds 'x' to an integer value. */ 

double tan(double x); double rint(double x); 

/* Rounds 'x' up to the nearest integer value. */ /* Rounds 'x' down to the nearest integer value. */ 
double ceil(double x); double floor(double x); 

/* Returns the absolute value of 'x'. */ /* Returns the absolute value of 'x'. */ 

int abs(int x); double fabs(double x); 

/* Returns the natural logarithm of 'x'. */ /* Returns e raised to the power of 'x'. */ 

double log(double x); . double exp(double x); 

/* Returns 'x' raised to the power of ‘y'. */ /* Returns the square root of 'x'. */ 

double pow(double x, double y); double sqrt(double x); 

/* Checks if 'c' is an alphabetic character. */ /* Checks if 'c' is a digit. */ 

int isalpha(int c); int isdigit(int c); 

/* Checks if 'c' is an upper case letter. */ /* Checks if 'c' is a lower case letter. */ 

int isupper(int c); int islower(int c); 

/* Converts 'c' to upper case, if possible. */ f /* Converts 'c' to lower case, if possible. */ 

int toupper(int c); int tolower(int c); 
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Question 1 [2 Marks] 

Consider a C-language identifier values that points to a dynamically allocated array of N double- 
type variables. Write a single C statement to deallocate the memory consumed by the array. You 
may assume that #include <stdlib.h> appears at the top of the C file. 


Answer: 


X 


Question 2 [2 Marks] 


Write a single C statement that declares and initializes an array, named list, of 2000 int type 
variables. The first three elements of the array should be initialized to the values 3,2,1 and the 
remaining elements of the array should be initialized to 0. . 


Answer: 


Question 3 [2 Marks] 


Consider a double-type variable x that has already been declared and initialized. Write a single 
C statement that rounds x to the nearest thousandth. 


Answer: 


Question 4 [4 Marks] 


The C function below is supposed to implement the Bubble Sort algorithm on the array list, 
which is an int type array with n elements. However, the function has errors in it. For each error 
that you find: 


(a) Identify what the error is by copying the line that is in error and stating what is wrong is 
wrong with it. 


(b) Give the corrected line of code 


void bubbleSort (int list[], int n) 
{ 

int i, j; 

for (j =n- 1; j >= 2; j--) 


for (i = 0; i < j; i++) 
if (list[i] > list[i+1]) 
int temp = list[i+1]; 


list[i] = list[it+l]; 
list[i+1] = temp; 


Answer: 


Question 5 [4 Marks] 


Consider the recursive C function factorial below. Give the printed output of the function that is 
produced if the function is called with an argument of 4. 


int factorial (int n) 
{ 
printf ("ENTER: %d\n", n); 


int ret; 
if (n == || n == 1) 
ret = 1; 
else 
ret = nxfactorial(n-1); 


printf ("EXIT: d\n", n); 
return ret; 


Answer: 


Question 6 [10 Marks] 


You are to write a complete C function called scoreSquare, which has four parameters as shown 
in the prototype below. The first parameter, board is a two-dimensional array of characters, 
whose size is given by the second parameter, dimension - that is, the array has dimension rows 
and dimension columns. The array represents the board state of a Connect6 game, similar to 
Labs 6 and 7 in this course. 


The values of the elements in the board array are ’ U’ for unoccupied, ’ B’ if the square is occu- 
pied with a black stone, and ‘ w’ if the square is occupied with a white stone. 


The final two parameters of the function, row and col indicate a specific square in the board. 
Your function must determine a ‘score’ for that square, as follows: If the square is unoccupied, the 
function should return -1. Otherwise, the function should return the number of squares immedi- 
ately adjacent to the square having the same colour stone as the square at row, col. To be clear, 
immediately adjacent means the neighbouring squares that are of distance 1 away from the square, 
vertically or horizontally. Thus, your function should only consider the north, south, east, west 
adjacent squares, and not the diagonally adjacent squares. This means that the highest possible 
score of an occupied square is 4. 


Your program should never access the board array beyond its dimensions. 


This is the function prototype: 
int scoreSquare (char **board, int dimension, int row, int col); 


For example, in the following board with dimension 4, the function should return -1 os 0, 0; it 
should return 1 for 1, 3; and it should return 2 for 1, 2. 


UBUU 
UBWW 
UUWU 
UUUU 


Answer (which can be continued on the next page): 


You may use this page to continue answering the previous question. 


Question 7 [12 Marks] 


Write a C function named combineSort that has three int type array parameters, A, B and C, 
where A and B are inputs, and C is an output of the function. When the function is called, A and B 
will each have 100 elements that are already sorted in ascending order (from smallest to largest). 
Your function must fill in the elements of array C to contain all of the elements of A and B, and the 
array C must be sorted into ascending order. Thus, the size of array C is 200 elements. 


Important Note: Your function must make use of the fact that A and B are already sorted (i.e. you 
may not simply use a known sorting algorithm after copying the contents of A and B into c. A 


grade of zero will be assigned in this case.) 


The prototype of the function is as follows: 


void combineSort (int A[100], int B[100], int C[200]); 


Answer (which can be continued on the next page): 


You may use this page to continue answering the previous question. 


Question 8 [10 Marks] 


A binary tree is a data structure, similar to a linked list, that is illustrated below: 
Root 


Each ‘node’ in the binary tree contains a single integer number, and two links to other nodes. The 
type and structure of a node is defined as follows: 


typedef struct btree { 
int value; 
struct btree *leftLink; 
struct btree *rightLink; 
} Node; 


Node *Root; 


The pointer Root points to the top node of the binary tree. The above tree is structured in a special 
and useful way: the integer value of every node ‘underneath’ the left link of any node is less than 
the value of the node itself. Similarly, the value of every node ‘underneath’ the right link of a node 
is greater than or equal to the value of the node itself. You can see this is true, for example, by 
looking at the Root of the tree, the node with the value 15. The nodes ‘underneath’ the left side 
pointer (with values 10, 5 and 8) are all less than 15, the value of the Root node. In this question, 
you will make use of this property. There are two parts to this question, continued on the next 


page. 


(a) Write a C function (the prototype of which is given below), which when called witha pointer to 
the root of a binary tree (i.e. findLargest (Root) ;) returns the largest value in the tree. Your 
function must not actually test (i.e. use an if statement to compare) the value of any of the nodes 
in the tree as this is not necessary, given the tree structure as described above. You can assume 
that the root pointer parameter, st art Node, is not NULL (i.e. that there is at least one node in the 


tree). Your solution must use recursion. 


int findLargest (Node «startNode); 


Answer: 


10 


(b) Write a C function (the prototype of which is given below), which prints the values in the entire 
tree in sorted order, from highest to lowest. You may not use any sorting algorithm; rather, you must 
make use of the structure of the tree as described above. Your solution must use recursion. 


int printTreeDescending (Node *startNode) ; 


You can assume that the start Node pointer parameter is not NULL (i.e. that there is at least one 
node in the tree). Important Note: again, your solution must make use of the structure of the 
tree, and may not employ comparison if statements on the values given in the tree. To print the 
entire tree, the function would be called in the following way: 


printTreeDescending (Root); 


where Root is a pointer to the top node in the tree, as illustrated. The output of your function, 
should be the value of each node on a different line. The output if called on the tree illustrated 
above, is as follows: 


35 
21 
17 
15 
10 
8 

5 


Answer: 


11 


Question 9 [10 Marks] 


You are to write a C function called printSentence that prints out a sentence consisting of 
words selected from an array of strings. The words to be printed are specified by a linked list for 
which each element in the list contains the index of the array element with the word to be printed. 
A pointer to the head of the linked list is passed in as a parameter called Sentence. The 2D array 
that contains the words, called wordList, is also passed into the function as a parameter. The 
linked list type and structure is defined in the following way: 


typedef struct wordsDS { 
int wordIndex; 

struct wordsDS «link; 

} wordNode; 


The prototype of the function you must write is as follows: 
void printSentence(wordNode «Sentence, char *wordList[]); 


The main function (for example) could call the function print Sentence with a pointer to the 
head of a linked list of structures of type wordNode, and also with the 2D array of words wordList. 
The function will print out, in sequence, the words in wordList at the wordIndex indicated in 
each node in the linked list. The list is terminated by a NULL link. 


For example, if the list of wordIndex values in the linked list were as follows: 
3->4->10->8->6->7->NULL 


And if the wordList argument were as follows: 


char wordList[13][20] = { "now", "is", "the", "time", "for", "all", "good", 


"people" P "to" ; "come" i "aia" i "of" ; "country" } ; 
The output of the program should be (note that there are spaces between the words): 
time for aid to good people 


Answer (which can be continued on the next page): 


12 


You may use this page to continue answering the previous question. 
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Question 10 [10 Marks] 


Write a function called revStr that makes use of recursion to reverse the characters of a string. 
The reversal should happen two elements at a time, from the ends to the centre of the string. The 
function prototype is given below. Parameter st r is the string to be reversed and parameter len 
is the length of the string. For example, if the function is called with the string "Hello", it must 
reverse the characters so that the string contains "olleH". 


void revStr(char* str, int len); 


Answer: 


14 


Question 11 [10 Marks] 


Finish writing the complete C program below which uses command-line arguments. The func- 
tion should examine each command-line argument and test whether it is one of the strings in 
the engProg array given, and then print a message accordingly. For example, if the program is 
compiled to a binary executable called myProg and executed as follows: 


./myProg ECE MSE CHEM INDY 


The program should print the following output: 


ECE is in the list. 

MSE is not in the list. 
CHEM is in the list. 
INDY is not in the list. 


You may use any string functions you wish. 


#include <stdio.h> 
#include <string.h> 


int main(int argc, char xargv[]) 


{ 


char *engProg[]={"ECE", "MIE", 


Answer: 


"CHEM", "CIV"}; 
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Question 12 [12 Marks] 


Write a complete C program to allocate, initialize, print and de-allocate a three-dimensional array of 
int type variables, according to the specifications below. The sizes of the three array dimensions, 
x, y and z, are 3, 2 and 4, respectively. Hint: one way to view this task is to allocate a 3-element 
array of pointers, each of which points to a 2D array with 2 rows and 4 columns. Your program 
must use malloc and free to allocate and release memory. 


(a) The array elements should be initialized according to the following function: 
f(z,y,z) = 5x + 6y + 7z 


Which means your initialization code will look like this: 
myArray[x][y][z] =5 * x + 6* y +7 «z; 


(b) Printing the array 


After allocation and initialization, your program should print three 2 x 4 matrices (each 
corresponding to a different value for the first dimension), with a new line (\n) in between 
them. The output is as follows: 


0 7 14 21 
6 13 20 27 


5 12 19 26 
11 18 25 32 


10 17 24 31 
16 23 30 37 


~ 
N 
— 


De-allocating memory 


After the matrices are printed, your program must free all memory used. 


Answer (which can be continued on the next page): “ 


16 


You may use this page to continue your answer to the previous question. 
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Question 13 [12 Marks] 


Humans normally use decimal (base 10) numbers, whereas computers use binary (base 2). A con- 
venient way to represent a long binary number is using hexadecimal (base 16). In hexademical 
numbers, the digits 0 through 9 have the usual meaning, and the digits A, B, C, D, E, F are used 
to represent the decimal (base 10) numbers 10, 11, 12, 13, 14, 15, respectively. For example, the 
hexadecimal number A5 is the decimal number 165, because A represents 10, and we therefore 
have 10 - 16 + 5- 16° = 165. 


For this question, you must write a C function called comput eDecimal that converts a hexadec- 
imal string (parameter hex) into the corresponding decimal integer and returns the computed 
decimal value. The prototype is given below. Your function may assume the string argument only 
contains the characters ’0’ ...’9’ and ‘A’ ... 'F’. For example, if the function is called with the 
string "2C", the function should return 44 because 2 - 16! + 12 = 44. Your function should work 
with strings of digits of any length. 


int computeDecimal (char «hex); 


Answer: 


18 


This page has been left blank intentionally. You may use it for answers to any questions. 
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You must use the C programming language to answer programming questions. You are not re- 
quired write #include directives in your solutions. You may use any math function that you 
have learned, as necessary. 


The examination has 21 pages, including this one. 


Full Name: 


Student Number: UTORID: 


1 2 3 4 5 6 7 8 9 10 11 12 13 Total 


/2| /2]| /2| /4| f4) 710 | /12 | /10 | (10 | /10 | 710 | /12| /12 | /100 


Question 1 [2 Marks] 


Consider a C-language identifier values that points to a dynamically allocated array of N double- 
type variables. Write a single C statement to deallocate the memory consumed by the array. You 
may assume that #include <stdlib.h> appears at the top of the C file. 


Solution: 


free (values); 


Question 2 [2 Marks] 


Write a single C statement that declares and initializes an array, named list, of 2000 int type 
variables. The first three elements of the array should be initialized to the values 3,2,1 and the 
remaining elements of the array should be initialized to 0. 


Solution: 


int list[2000] = {3,2,1}; 


Question 3 [2 Marks] 


Consider a double-type variable X that has already been declared and initialized. Write a single 
C statement that rounds X to the nearest thousandth. 


Solution: 


X = ((int) (X * 1000 + 0.5))/1000.0; 


X = rint (X*1000)/1000.0; 


Question 4 [4 Marks] 


The C function below is supposed to implement the Bubble Sort algorithm on the array list, 
which is an int type array with n elements. However, the function has errors in it. For each error 
that you find: 


(a) Identify what the error is by copying the line that is in error and stating what is wrong is 
wrong with it. 


(b) Give the corrected line of code 


void bubbleSort (int list[], int n) 
{ 


int i, j; 
Lon?) =e ne = bg =) 27 A) 


for (i = 0; i < j; i++) 


if (list[i] > list[i+1]) 


int temp = list[i+1]; 
tist li] = läst [iti]; 
list[i+1] = temp; 


Solution: 


Two corrections: 
In the outer loop, j should continue until >= 1 (instead of >= 2) 
int temp = list[i]; 


Question 5 [4 Marks] 


Consider the recursive C function factorial below. Give the printed output of the function that is 
produced if the function is called with an argument of 4. 


int factorial(int n) 


{ 


printf (TENTER: %d\n", n); 


int ret; 
if (n == || n == 1) 
ret = 1; 
else 
ret = nxfactorial(n-1); 


printf ("EXIT: %Sd\n", n); 
return ret; 


Solution: 


ENTER: 
ENTER: 
ENTER: 
ENTER: 
EXIT: 
EXIT: 
EXIT: 
EXIT: 


FPN Ws 


BWwWNY FP 


Question 6 [10 Marks] 


You are to write a complete C function called scoreSquare, which has four parameters as shown 
in the prototype below. The first parameter, board is a two-dimensional array of characters, 
whose size is given by the second parameter, dimension - that is, the array has dimension rows 
and dimension columns. The array represents the board state of a Connect6 game, similar to 
Labs 6 and 7 in this course. 


The values of the elements in the board array are ' U’ for unoccupied, ’ B’ if the square is occu- 
pied with a black stone, and ’ w” if the square is occupied with a white stone. 


The final two parameters of the function, row and col indicate a specific square in the board. 
Your function must determine a ‘score’ for that square, as follows: If the square is unoccupied, the 
function should return -1. Otherwise, the function should return the number of squares immedi- 
ately adjacent to the square having the same colour stone as the square at row, col. To be clear, 
immediately adjacent means the neighbouring squares that are of distance 1 away from the square, 
vertically or horizontally. Thus, your function should only consider the north, south, east, west 
adjacent squares, and not the diagonally adjacent squares. This means that the highest possible 
score of an occupied square is 4. 


Your program should never access the board array beyond its dimensions. 


This is the function prototype: 


int scoreSquare(char **board, int dimension, int row, int col); 


For example, in the following board with dimension 4, the function should return -1 for 0, 0; it 
should return 1 for 1, 3; and it should return 2 for 1, 2. 


UBUU 
UBWW 
UUWU 
UUUU 


Solution: 


int scoreSquare(char **board, int dimension, int row, int col) 


{ 


if (board[row] [col] = ’U’) 
return -1; 


char colour = board[row] [col]; 
int count = 0; 
if (row + 1 < dimension) 
if (board[row+1] [col] == colour) 
count++; 
if (col + 1 < dimension) 


if (board[row] [colt+l1] == 
count++; 
if (row > 0) 
if (board[row-1] [col] == 
count++; 
if (col > 0) 
if (board[row] [col-1] == 
count++; 
return count; 


colour) 


lour) 


lour) 


Question 7 [12 Marks] 


Write a C function named combineSort that has three int type array parameters, A, B and C, 
where A and B are inputs, and C is an output of the function. When the function is called, A and B 
will each have 100 elements that are already sorted in ascending order (from smallest to largest). 
Your function must fill in the elements of array C to contain all of the elements of A and B, and the 
array C must be sorted into ascending order. Thus, the size of array C is 200 elements. 


Important Note: Your function must make use of the fact that A and B are already sorted (i.e. you 
may not simply use a known sorting algorithm after copying the contents of A and B into C. A 
grade of zero will be assigned in this case.) 


The prototype of the function is as follows: 


void combineSort (int A[100], int B[100], int C[200]); 


Solution: 


void combineSort (int A[100], int B[100], int C[200]) { 


bool ASearch; // tells us which array is being used currently 
int Aindex = 0, Bindex = 0, Cindex = 0; 
while (Aindex < 100 || Bindex < 100) { 


if ((Aindex < 100) && (Bindex < 100)) 
if (A[Aindex] < B[Bindex]) ASearch = true; 
else ASearch = false; 


if (ASearch) { 

C[Cindex] = A[Aindex]; 

Aindextt+; 

if (Aindex >= 100) ASearch = false; 
} 
else { 

C[Cindex] = B[Bindex]; 

Bindextt; 

if (Bindex >= 100) ASearch = true; 


Cindext+; 


Question 8 [10 Marks] 


A binary tree is a data structure, similar to a linked list, that is illustrated below: 
Root 


Each ‘node’ in the binary tree contains a single integer number, and two links to other nodes. The 
type and structure of a node is defined as follows: 


typedef struct btree { 
int value; 
struct btree *«leftLink; 


struct btree *xrightLink; 
} Node; 


Node *Root; 


The pointer Root points to the top node of the binary tree. The above tree is structured in a special 
and useful way: the integer value of every node ‘underneath’ the left link of any node is less than 
the value of the node itself. Similarly, the value of every node ‘underneath’ the right link of a node 
is greater than or equal to the value of the node itself. You can see this is true, for example, by 
looking at the Root of the tree, the node with the value 15. The nodes ‘underneath’ the left side 
pointer (with values 10, 5 and 8) are all less than 15, the value of the Root node. In this question, 
you will make use of this property. There are two parts to this question, continued on the next 


page. 


(a) Write a C function (the prototype of which is given below), which when called with a pointer to 
the root of a binary tree (ie. findLargest (Root) ;) returns the largest value in the tree. Your 
function must not actually test (i.e. use an if statement to compare) the value of any of the nodes 
in the tree as this is not necessary, given the tree structure as described above. You can assume 
that the root pointer parameter, st art Node, is not NULL (i.e. that there is at least one node in the 
tree). Your solution must use recursion. 


int findLargest (Node xstartNode) ; 


Solution: 


int findLargest (Node xstartNode) { 


if (startNode->rightLink == NULL) return startNode->Value; 
else return (FindLargest (startNode->rightLink) ; 


10 


(b) Write a C function (the prototype of which is given below), which prints the values in the entire 
tree in sorted order, from highest to lowest. You may not use any sorting algorithm; rather, you must 
make use of the structure of the tree as described above. Your solution must use recursion. 


void printTreeDescending (Node *startNode) ; 


You can assume that the startNode pointer parameter is not NULL (i.e. that there is at least one 
node in the tree). Important Note: again, your solution must make use of the structure of the 
tree, and may not employ comparison if statements on the values given in the tree. To print the 
entire tree, the function would be called in the following way: 


printTreeDescending (Root); 


where Root is a pointer to the top node in the tree, as illustrated. The output of your function, 
should be the value of each node on a different line. The output if called on the tree illustrated 
above, is as follows: 


35 
21 


Solution: 


void printTreeDescending (Node *startNode) { 


if (startNode->RightLink == NULL) 
printf ("Sd\n", startNode->value) ; 


else { 
PrintTreeDescending (startNode->RightLink) ; 
printf ("Sd\n", startNode->value) ; 


if (startNode->LeftLink != NULL) 
PrintTreeDescending (startNode->LeftLink) ; 
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Question 9 [10 Marks] 


You are to write a C function called printSentence that prints out a sentence consisting of 
words selected from an array of strings. The words to be printed are specified by a linked list for 
which each element in the list contains the index of the array element with the word to be printed. 
A pointer to the head of the linked list is passed in as a parameter called Sentence. The 2D array 
that contains the words, called wordList, is also passed into the function as a parameter. The 
linked list type and structure is defined in the following way: 


typedef struct wordsDS { 
int wordIndex; 

struct wordsDS xlink; 

} wordNode; 


The prototype of the function you must write is as follows: 
void printSentence (wordNode *Sentence, char x*xwordList[]); 


The main function (for example) could call the function printSentence with a pointer to the 
head of a linked list of structures of type wordNode, and also with the 2D array of words wordList. 
The function will print out, in sequence, the words in wordList at the wordIndex indicated in 
each node in the linked list. The list is terminated by a NULL link. 


For example, if the list of wordIndex values in the linked list were as follows: 


3->4->10->8->6->7->NULL 


And if the wordList argument were as follows: 


char wordList[13][20] = { "now", "is", "the", "time", "for", "all", "good", 


"people", “NEON, "come", Ward", Nor, "country" ee 
The output of the program should be (note that there are spaces between the words): 
time for aid to good people 


Solution: 


void PrintSentence (WordNode *Sentence) { 
WordNode *CurrentNode; 


CurrentNode = Sentence; 


while (CurrentNode != NULL) { 


printf("%ss ", WordList [CurrentNode->WordIndex] ); 
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CurrentNode = 


printf ("\n"); 
return; 


} 


CurrentNode->Link; 
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You may use this page to continue answering the previous question. 
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Question 10 [10 Marks] 


Write a function called revStr that makes use of recursion to reverse the characters of a string. 
The reversal should happen two elements at a time, from the ends to the centre of the string. The 
function prototype is given below. Parameter str is the string to be reversed and parameter len 
is the length of the string. For example, if the function is called with the string "Hello", it must 
reverse the characters so that the string contains "olleH". 


void revStr (charx str, int len); 


Solution: 


void revStr (char «str, int len) 
{ 

char tmp; 

if (len < 2) return; 


len = len -1; 
tmp = «str; 
«str = str[len]; 


str[len] = tmp; 


revStr (str+1, len -1); 


} 


Notes: if just printed the characters without swapping -3 marks if swapping is from middle to 
outside -1 mark in case of iterative solution, max 3 marks for swapping 
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Question 11 [10 Marks] 


Finish writing the complete C program below which uses command-line arguments. The func- 
tion should examine each command-line argument and test whether it is one of the strings in 
the engProg array given, and then print a message accordingly. For example, if the program is 
compiled to a binary executable called myP rog and executed as follows: 


./myProg ECE MSE CHEM INDY 


The program should print the following output: 


EC] 
MS] 
EM is in the list. 

DY is not in the list. 


CH 
IN 


m 
G 
aa 
md 
G 
Pi 


is in the list. 
is not in the list. 


You may use any string functions you wish. 


#include <stdio.h> 
#include <string.h> 


int main(int argc, char xargv[]) 


{ 


char *engProg[]={"ECE", "MIE", "CHEM", "CIV"}; 


Solution: 


int main(int argc, char xargv[]) 


{ 


char *engProg[]={"ECE", "MIE", "CHEM", "CIV"}; 


int i,j; 


for (i=l; i<argc; itt) { 
for (j= 7. j<4;j++){ 


if (strcmp (argv[i], engProg[j])==0) { 
printf("Ss is in the Listan", engProg[j]); 
break; 
} 
} 
af CjH=4) 


printf("Ss is not in the list\n",argv[il); 


} 


return (0); 
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Question 12 [12 Marks] 


Write a complete C program to allocate, initialize, print and de-allocate a three-dimensional array of 
int type variables, according to the specifications below. The sizes of the three array dimensions, 
x, y and z, are 3, 2 and 4, respectively. Hint: one way to view this task is to allocate a 3-element 
array of pointers, each of which points to a 2D array with 2 rows and 4 columns. Your program 
must use malloc and free to allocate and release memory. 


(a) The array elements should be initialized according to the following function: 


g€ 


S” 


f(x,y, z) = 5x + by + 7z 


Which means your initialization code will look like this: 
myArray[x][y]lz] = 5 * x + 6 * y+7* Z; 


Printing the array 


After allocation and initialization, your program should print three 2 x 4 matrices (each 
corresponding to a different value for the first dimension), with a new line (\n) in between 
them. The output is as follows: 


O 7 14 21 
6 13 20 27 
5 12 19 26 


IT -18-25 32 


10 17 24 31 
16 23 30 37 


De-allocating memory 


After the matrices are printed, your program must free all memory used. 
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Solution: 


#include <stdio.h> 
#include <stdlib.h> 


void main() 


{ 


// 3D Array indices 
int X, VY, Z; 


// Allocate memory 
mal] 


int *x**myArray = 


for(x = 0; x < 3; x++) 

{ 
myArray[x] = mall 
for(y = 0; y < 2; yt 


{ 


loc(3 * sizeof(int *x)); 


oc(2 x sizeof(int *)); 


+) 


myArray[x] [y]=ma 


} 


lloc(4 x» sizeof(int)); 


// Access and print array elements 


for(x = 0; x < 3; x++) 
{ 
printf ("\n"); 
forty = 07. y < 27 ytt) 


{ 
printf ("\n"); 


for(z = 0; z < 4; 


{ 


myArray[x] [y] [z] = 
printf ("3d ", 


} 
// Deallocate 3D array 
for(x = 0; x < 3; x++) 


{ 


for (y=0; y<2;ytt) 
free 
free (myArray[x]); 

} 
free (myArray); 


return 0; 


5xx+t6xy+7x*Z;}; 
myArray[x] [y] [z]); 


(myArray[x] [y]); 
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You may use this page to continue your answer to the previous question. 
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Question 13 [12 Marks] 


Humans normally use decimal (base 10) numbers, whereas computers use binary (base 2). A con- 
venient way to represent a long binary number is using hexadecimal (base 16). In hexademical 
numbers, the digits 0 through 9 have the usual meaning, and the digits A, B, C, D, E, F are used 
to represent the decimal (base 10) numbers 10, 11, 12, 13, 14, 15, respectively. For example, the 
hexadecimal number A5 is the decimal number 165, because A represents 10, and we therefore 
have 10-16 + 5- 16° = 165. 


For this question, you must write a C function called computeDecimal that converts a hexadec- 
imal string (parameter hex) into the corresponding decimal integer and returns the computed 
decimal value. The prototype is given below. Your function may assume the string argument only 
contains the characters ’0’ ...’9’ and A’ ... 'F’. For example, if the function is called with the 
string "2C", the function should return 44 because 2 - 16! + 12 = 44. Your function should work 
with strings of digits of any length. 


int computeDecimal (char xhex); 


Solution: 


int computeDecimal (char xhex) 


{ 


int d = strlen (hex); 


int i; 
int count = 1; 
int total = 0; 
for (2 =-d=1; 2 >= 07. 2-4) 
{ 
int digit; 
if ((hex[i] >= 70’) && (hex[i] <= '97’)) 
digit = hex[i] - ’0’; 
else 
digit = 10 + hex[i] - ’A’; 


total += digit*count; 
count *= 16; 
} 


return total; 
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This page has been left blank intentionally. You may use it for answers to any questions. 
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Question 1) Short Answers [20] 


a) What are recursive functions in C? [1] 


b) “Every recursive function has atleast one base/terminating case”. Why is this 
important? [2] 


c) What is memory leak? Give one example of memory leak [2] 


d) How is memory deallocated on the heap? How is memory deallocated on 
the stack? Give one example of each. [2] 


e) You like to search for the name “Matthews” in a telephone book directory 
(with names starting from A to Z). Will linear search be faster than binary 
search? Why or why not? In general, what is the worst-case performance (i.e. 
# of loop iterations) for linear search and binary search? [3] 


f) What will the following code print, on a 64 AND 32 bit machine? [5] 


#include <stdio.h> 
int main() 


printf ("sizeof on int is %lu bytes\n",sizeof(int)); 
printf ("sizeof on char is %lu bytes\n",sizeof(char)); 
printf("sizeof on double is %lu bytes\n",sizeof(double)); 
printf("sizeof on float is %lu bytes\n",sizeof(float)); 


printf("sizeof on int*x is %lu bytes\n",sizeof(int*)); 
printf("sizeof on char» is %lu bytes\n",sizeof(char-) ); 
printf("sizeof on doublex is %lu bytes\n",sizeof(doublex) ) ; 
printf("sizeof on float* is %lu bytes\n",sizeof(float*)); 
return @; 


g) Your instructor has written following code to print out the string “abc” as 
shown below. Unfortunately it is incorrect. 


#include <stdio.h> 
#include "string.h" 


int main() 

{ 
char *p; 
p[@]='a'; 
p[1]='b'; 
p[2]='c'; 
p[3]='\@'; 
printf("the string content is %s",x*p); 

} 

-g.1) Why is the above code incorrect? [2] 


g.2) Modify and correct the above code, such that the string “abc” is printed. 
[3] 


Question 2) Sorting (Ascending Order) and Search [15] 
YOU ARE NOT REQUIRED TO WRITE ANY CODE FOR THIS QUESTION 


Given the following array of integers for a), b), c), d) and e): 


a) Perform Bubble Sort (clearly show all the steps in order to receive full 
credit). © B 


b) Perform Selection Sort (clearly show all the steps in order to receive full 
credit) [3] 


c) Perform Quick Sort (clearly also mark your pivot element and the output of 
the partition function in order to receive full credit). [4] 


d) Perform Linear Search i.e. search for the integer -999 (clearly show all the 
steps in order to receive full credit) [2] 


e) Perform Binary Search i.e. search for the integer -999 (clearly show all the 
steps (including left marker, right marker and middle marker) in order to 


receive full credit) [3] 


Question 3) Loop Invariant. ; [15] 
a) Define ‘loop invariant’ [2] 


b) Write a function called multiplicationOfArrayValues that will return 
back the multiplication of every single value in the array of integers. ie. 
assuming that the array is of length N then mul=A[0]*A[1]*...*A[N-1] 


b.1) What is the loop invariant for this problem? [5] 


b.2 ) Complete the following function using while loop that meets the 


specification of b) above. You MUST also mark/highlight where in the code 


your ‘loop invariant’ is TRUE. [8] 


int multiplicationOfArrayValues ( ) 
{ 


Question 4) Recursion. [15] 
a) The function declaration for the power(...) function is defined as: [6] 


int power(int x, int n); 
Example: l 
power(2, 3) will return 8 i.e. 23 
power(3, 2) willreturn 9 i.e. 32 
- power(4, @) will return 1 i.e. 4° 


Note: If n is a power of 2, then x" can be computed by squaring. For example, x‘ is 
the square of X? so x* can be computed ie. (x?)* (x2). This technique can be used 
also when n is not a power of 2. If n is even, use the formula x"=(x("/2))2, If n is odd, 
then use X"=x*x"!, The range for n is >=0. ` 


Write a recursive function that computes xX". 


int power(int x, int n) 


{ A 


b) Write a recursive function called freeSimpleLinkedList(...) that takes in as an input 


argument a head pointer of type struct node and frees/deallocates every node in 
that simple linked list from the heap. [5] 


void freeSimpleLinkedList(struct nodex head) 


x 


} 


c) Trace out the recursive function call of your solution b) above by drawing the 
memory diagram using Stack and Heap for the following linked list. [4] 
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Question 5) Strings [15] 

a) Write a function that test whether two words are anagrams (permutations of the 
same letters). For example “smartest” and “mattress” are anagrams. On the other 
hand “dumbest” and “stumble” are not anagrams. If the two words are anagrams, 
your function must return back TRUE otherwise it will return back FALSE. [8] 


bool are_anagrams (const char *word1, const char xword2) 
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b) l [7] 
Write a function named duplicate that uses dynamic storage allocation to create a 
copy of a string. For example, the call 


char *str="abc”; 
char *p=duplicate(str); 


would allocate space for a string of the same length as str, copy the contents of str 
into the new string, and return a pointer to it. Have duplicate return a null pointer if 
the memory allocation fails. l 


charx duplicate(const charx s) 


{ : 
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Question 6) Linked List. [20] 


a) Write a function that checks whether a doubly linked list (every node contains two 
pointers i.e. next pointer and a previous pointer) is a palindrome (the characters in 
the doubly linked list are the same from left to right as from right to left). You can 
safely assume that the doubly linked list contains characters that are all lower case 
and contains no numbers or white space. The doubly linked list can be of any 
length>=0. The HEAD pointer points to the first node of your doubly linked list, and the 
TAIL pointer points to the last node of your doubly linked list. [5] 


NULL +H A > NULL 


HEAD — a. TAIL 
Figure A: Example of Palindrome 


HEAD E TAIL 
Figure B: Example of not a Palindrome 


YOUR SOLUTION COMES ON THE NEXT PAGE 
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void isPalindrome(struct dnode*x HEAD, struct dnodex TAIL) 
{ 
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b) A certain class at University of Toronto has only 5 students. This class for the 
entire semester has 3 quizzes in total where each quiz is out of 100 marks. The 
professor of this class, decided to maintain an array of linked list to store the quiz 
marks for each student. One such example is show in the figure below where 
Students is an array of size 5. Each student is labeled as (0,1,2,3,4) and has a linked 
list of size 3 that stores the quiz marks for that student. For example, the (quiz3, 
quiz2, quiz1) marks for student0O are (78,65,32). Each quiz node is of type struct 
quiz_mark. You can assume that Students is a GLOBAL variable. 


Students 


0 


b.1) What is the definition of Students? CHOOSE ONE CORRECT ANSWER FROM 
THE FOLLOWING 5 OPTIONS: [2] 


o Option A) int Students [5]; 

o Option B) int *Students [5]; 

e Option C) struct quiz_mark *Students [5]; 

e Option D) struct quiz_mark Students [5]; 

e Option E} Array_Of_Linked_List(sizeof(struct quiz_mark)*5); 
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b.2) Write the following function that creates a new struct quiz_mark node on the 
heap and is also inserted at the front of the correct linked list of that student (i.e. the 
new quiz mark becomes the first node of that linked list). PRINT AN APPROPIATE 
ERROR MESSAGE IF THE SIZE OF THE LINKED LIST EXCEEDS 3. You can assume 
that Students is a GLOBAL variable. The studentNumber can be any of the following 
(0,1,2,3,4). The quizMark can be any number between 0 and 100. [5] 


void insertMark(int quizMark,int studentNumber) 
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b.3) Write the following function that prints the average mark for a specific student. 
Assuming the example in the figure (on the previous page) and studentNumber=0, 
your function will print the following. You can assume that Students is a GLOBAL 
variable. [5] 


Average mark for student0 is 58.33 


void printAve rageFo rSINGLEStudent(int studentNumber) 


} 
b.4) Write the following function that prints the average mark for every student. 


This function MUST call the function that you implemented in b.3) above. [3] 


The output of this function must be as follows: 
Average mark for studento is 58.33 
Average mark for student1 is 71.66 
Average mark for student2 is 47.33 
Average mark for student3 is 61.33 
Average mark for student4 is 37.66 


void printAverageForAllStudent() 
{ 
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1) 
struct node 
{ 
int value; 
struct nodex next; 
} 
2) 


struct dnode 


char value; 
struct dnodex next; 
struct dnode* previous; 


3) 
struct quiz_mark 


int value; 
struct node* next; 


Appendix: © 


4) 
function 


strien 


size_t strlen ( const char * str ); 


Get string length 


Returns the length of the C string str. 


5) 
function 


strncat 


char * strncat { char * destination, char * source, size_t num ); 


Append characters from string 


Appends the first num characters of source to destination, plus a terminating null-character. 
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Question 1 [2 Marks] 
A student in APS 105 wrote a C program, expecting that its output would be as follows: 


The value of x is 36. 

Instead, the following output was produced by the code: 
The value of x is 30. 

Here is the code: 


1 aint x = 50; 
2 int xBig = 30; 


3 while (x > xBig) 


4 x -= 2; 
5 xBig++; 
6 printf("The value of x is %d.", x); 


Please explain why the code does not behave as expected, and indicate the necessary correction(s) 
for the code to generate the expected output. 


Answer: 


Question 2 [3 Marks] 


Write a single C statement that dynamically allocates an array of 25 real numbers (with double 
types) and assigns the address of the array to a pointer called dptr. 


Answer: 


Question 3 [3 Marks] 


The following function will separate a number into three parts: a sign (which is set to one of +, 
-, or blank), a whole number magnitude, and a fractional part. (Recall that the <math.h> library 
is available as described on the front page of the exam.) There are several mistakes in this code. 
State what the error is, and give the corrected code. 


void separate (double number, char *signPtr, 
int *wholePtr, double «fracPtr) { 


double magnitude; 


if (number < 0) 


*SignPtr = '-'; 

else if (number == 0) 
*SignPtr = ' ‘'; 

else = 
*signPtr = '+'; 


magnitude = fabs (number) ; 

wholePtr = floor (magnitude); 

fracPtr = magnitude - wholePtr; 
} 


Answer: 


Question 4 [3 Marks] 
Consider the following code: 


typedef struct node { 
int value; 
struct node *next; 
} Node; 


Node «head; 


There are three nodes in a linked list that uses this structure (labeled nodeA, nodeB, and nodeC), 
as shown in the following diagram: 


Write a C code segment that deletes nodeB, which is no longer required by the program. 


Answer: 


Question 5 [4 Marks] 


Will the following C program run successfully? If your answer is yes, show the output from 
running this program. If your answer is no, explain the reason. 


#include <stdio.h> 


int main(void) { 
int *x; 
int result; 


*x = 0; 

result = *x; 
printf£("%d", result); 
return 0; ` 


Answer: 


Question 6 [4 Marks] 


An APS 105 student started to write a C program that reads a positive integer value from user 
input, and prints its digits in reverse order. Here are two examples: 


Example 1: 


Enter a positive integer: 723 
327 


Example 2: 


Enter a positive integer: 54 
45 


Please complete his C program below to achieve this goal. 


int main(void) { 
printf("\nEnter a positive integer: "); 
scanf("%$d", &number); 
do { 
// Please write your code here. 


} while (number > 0); 


printf ("\n"); 
return 0; 


Question 7 [4 Marks] 


Consider the following function which takes a parameter that is a pointer to a pointer to an integer, 
and as such is declared as int **p;. 


void pointerStuff(int x*p) { 
// Your two lines of code would go here 
return; 


} 
Now, assume that this function is called from the following C program: 
int main(void) { 

int *q; 

int myNumbers[10]; 


q = &(myNumbers[3]}); 


pointerStuff (&q) ; 
} 


Give two lines of C Code in the function pointerStuff that would cause the following to hap- 
pen after the execution of the function: 


(a) Set the value of the array element myNumbers [3] in the main program to be 100. 


(b) Change the value of the pointer qin the main function to point to the element myNumbers [4]. 


Answer: 


Question 8 [2 Marks] 


There have been four plenary lectures since the midterm in this course (not including the one on 
debugging). There is one question from each of those lectures below. You should give a written 
answer for two of these four questions. The answer should be one or two sentences. If you 
answer more than two questions, you must indicate which two you wish to be graded. 


Plenary Lecture 7 ~ Programming Games. What is the role of the software that is responsible for 
the physics of a game? Give an example of a specific thing that the physics software would control. 


Plenary Lecture 8 — Software Startup Companies. What product did the company Nanoport pro- 
vide? Hint: it related to magnets and USB connectivity. 


Plenary Lecture 9 - Machine Learning and Big Data. What was one of the applications of ma- 
chine learning that Kobo makes use of? Describe it briefly. 


Plenary Lecture 10 - Computer Vision. What did Professor David Fleet observe about the human 
visual processing in his talk on Computer Vision? 
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Question 9 [8 Marks] 


Write a C function called newt onSquareRoot, the prototype of which is given below, that returns 
the square root of a real number, computed using Newton’s method. To compute the square root 
of a real number x using Newton’s method, we first take a guess of the square root z, initialized 
to x/2, and then improve the guess by computing: 

2 
249 — 2 

old 
Znew = Zold — ~5, 
°S ota 


We perform this computation iteratively, until the gap between the improved guess and the pre- 
vious one is less than or equal to 1073. 


double newtonSquareRoot (double x); 


Answer: 
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Question 10 [10 Marks] 


A doubly-linked list is a linked list-like data structure that has pointers that point in two directions: . 
to both the next item and the previous item in the list, as illustrated below: 


The doubly-linked list shown above uses a structure that has three fields, as described in the C 
code below: 


typedef struct dNodeDS { 

int value; 

struct dNodeDS «left, «right; 
} DNode; 


You are to write a C function called insertAtNode that inserts a new DNode (pointed to by the 
variable newNode) into this list. It should be inserted before (i.e. on the left side of) a DNode pointed 
to by the variable placeNode that already exists in the list. The prototype of this function is as 
follows: 


DNode *xinsertAtNode (DNode *head, DNode *placeNode, DNode *newNode); . 
You should make the following assumptions when writing this function: 
è placeNode is not NULL (it points to an actual item in the doubly-linked list). 


e newNode is not NULL, and its value field has been set, but its pointer fields have not been 
set. 


e the function returns the value of the head pointer after the insertion has taken place. 


the structure described above is declared globally, outside of the main function. However, 
the head pointer itself is not declared globally, and must be accessed by passing it to this 
function as a parameter, as shown in the prototype. 


Answer: 
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Continue your answer to Question 10 on this page. 
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Question 11 [11 Marks] 


The Sieve of Eratosthenes is an ancient algorithm for finding prime numbers. To use this algorithm 
to find all prime numbers less than a given integer, say 100, we start by making a list of consecu- 
tive integers less than 100. We first take p = 2, the smallest prime number, and print it. We then 
eliminate all multiples of p less than 100 in the list, (2p, 3p, 4p,...), from the list, since they are 
multiples of p and are therefore not prime numbers. After eliminating the multiples of p, we find 
the first number after p that has not yet been eliminated, as it must be the next prime number. We 
assign this new prime number to p, print it, and eliminate its multiples from the list, and so on. 
We repeat this procedure until p? is greater than or equal to 100. The numbers that remain in the 
list are prime numbers, and we finish by printing them out. 


Write a complete C program that uses the Sieve of Eratosthenes algorithm to print all prime numbers 
less than 100. Your implementation must not use the % operator. The output of your program 
should be: 

2 3 57 11 13 17 19 23 29 31 37 41 43 47 53 59 61 67 71 73 79 83 89 97 


Hint: Use an array of size 100 to keep track of whether an integer has been eliminated or not. 


Answer: 
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Continue your answer to Question 11 on this page. 
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Question 12 [11 Marks] 


Consider the following type definition for a node in a binary tree, which is organized (as described 
in class) to be sorted in ascending order: 


typedef struct treeNode { 

int value; 

struct treeNode «left, *right; 
} TreeNode; 


Write a recursive function called countBetween, the prototype of which is given below, that 
returns the total number of nodes in the binary tree that have a value between minimum and 
maximum, inclusive. Your implementation must be recursive. 


int countBetween(TreeNode *root, int mininum, int maximum); 


Answer: 
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Question 13 [11 Marks] 


Write a C function called coinSort that sorts an array containing coins. The array contains the 
integer values of the coins, which are only 1 cent, 5 cents, 10 cents, and 25 cents. The function sorts 
all the coins in ascending order. 


As an example, an array of size 10 is shown below: 
25 2511051102551 

The sorted array after calling the function is: 
121155 10 10 25 25 25 


Your implementation must not compare any elements of the array with each other, and should 
not duplicate the array. You will have to use an alternative method to sort the array. 


The prototype of the function is the following, where parameter size gives the number of ele- 
ments in the array. 


void coinSort (int array[], int size); 


Hint: Develop your sorting algorithm by considering the fact that the array has only integer values 
of 1, 5, 10, and 25. 


Answer: 
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Continue your answer to Question 13 on this page. 
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Question 14 [12 Marks] 
Write a complete C program that reads in a person’s full name in the following form: 


<first name> <second name> ... <last name> 
The goal of the program is to print out that name in the following form: 
<last name>, <first initial>. <second initial>. 


The program should prompt the user for one person’s full name at a time, ending when the name 
ZZZ is entered. You can assume that the maximum length of the full name is 50 characters. An 
example of the program input and output is given below: 


Enter a name (ZZZ to stop): James Earl Jones 
Your name is: Jones, J. E. 

Enter a name (ZZZ to stop): Beyonce 

Your name is: Beyonce 

Enter a name (Z2Z2 to stop): Pillsbury D. Boy 
Your name is: Boy, P. D. 

Enter a name (ZZZ to stop): 222 

Goodbye 


You may also assume that the following safegets () function is available for you to use. 


void safegets (char s[], int size) { 
int i = 0, maxIndex = size - 1; 


char c; ree 

while (i < maxIndex && (c = getchar()) != ’\n’) { 
s[i] = c; 
i = i + l; 


} 
s[i] = ’\0’; 
} 


Answer: 
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Continue your answer to Question 14 on this page. 
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Question 15 [12 Marks] 

Consider the C program given, in part, below. It declares an integer array of dimensions SIZE x 
SIZE, where SIZE is a defined constant as shown. The first part of the main program calls the 
fillArray function which sets each element of the array to the value 0, 1, or 2. The program 
then asks the user to provide a value, n, which must be an odd integer. (You can assume that the 
user does enter an odd number, and that n > 1 and n < SIZE.) The goal of the program is to find 
all patterns of crosses of size n in the array of all 1 or 2. For example, in the array shown below the 
code, there is a cross of size n = 3 of 1 centred at row = 2,column = 4,acrossofsizen = 3 
of 2 centred at row = 5,col = 8,and another one centred at row = 6,column = 2. 


#include <stdio.h> 
#include <stdlib.h> 
#include <stdbool.h> 
#define SIZE 10 


int main(void) { 


int array[SIZE] [SIZE]; 
int n; 


fillArray (array); 


printf("Enter Cross Size to search (must be odd): "); 
scanf("%$d", &n); 


// Your main program code would go here 


return 0; 


} 


Example array: 


Row 0: 0000010000 
Row 1: 0000110000 
Row 2: 0001110000 ” 
Row 3: 0000100000 
Row 4: 0000000020 
Row 5: 0020000222 
Row 6: 0222000020 
Row 7: 0020000000 
Row 8: 0000000000 
Row 9: 0000000000 


The output of program is as follows, if the array above was the input, and n = 3: 
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Found Cross of Size 3 of 1 at (2,4) 
Found Cross of Size 3 of 2 at (5,8) 
Found Cross of Size 3 of 2 at (6,2) 


Your answer should consist of the code that goes inside the main program above, and additional 
functions. You answer must make use of at least one function. You do not need to rewrite the C 
code provided to you in the space below. 


Answer: 
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Continue your answer to Question 15 on this page. 
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This page has been left blank intentionally. You may use it for answers to any questions. 
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Question 1 [2 Marks] 
A student in APS 105 wrote a C program, expecting that its output would be as follows: 


The value of x is 36. 
Instead, the following output was produced by the code: 
The value of x is 30. 


Here is the code: 


xBig = 30; 


3 while (x > xBig) 
4 x -= 2; 
5 xBigtt; 


6 printf("The value of x is %d.", x); 


Please explain why the code does not behave as expected, and indicate the necessary correction(s) 
for the code to generate the expected output. 


Solution: Only line 4 was executed inside the while loop. 


while (x > xBig) { 
x -= 2; 
xBig ++; 


Question 2 [3 Marks] 


Write a single C statement that dynamically allocates an array of 25 real numbers (with double 
types) and assigns the address of the array to a pointer called dptr. 
Solution: 


double xdptr = (double x) malloc(25 * sizeof(double)); 


Question 3 [3 Marks] 


The following function will separate a number into three parts: a sign (which is set to one of +, 
-, or blank), a whole number magnitude, and a fractional part. (Recall that the <math.h> library 
is available as described on the front page of the exam.) There are several mistakes in this code. 


State what the error is, and give the corrected code. 


void separate (double number, char *signPtr, 
int *wholePtr, double x«fracPtr) { 


double magnitude; 


if (number < 0) 
*SignPtr = ’-'; 
else if (number == 0) 


*SignPtr =’ '; 


else 


*SignPtr = '+'; 


magnitude = fabs (number); 
wholePtr = floor (magnitude); 
fracPtr = magnitude - wholePtr; 


} 


Solution: 
*xwholePtr = floor (magnitude); 
*fracPtr = magnitude - xwholePtr; 


Question 4 [3 Marks] 

Consider the following code: 

typedef struct node { 
int value; 


struct node x*next; 
} Node; 


Node «head; 


There are three nodes in a linked list that uses this structure (labeled nodeA, nodeB, and nodeCc), 


as shown in the following diagram: 


tsi j eee) 


Write a C code segment that deletes nodeB, which is no longer required by the program. 


Solution: 


Node xtemp = head -> link; 
head -> link = head -> link -> link; 
free (temp); 


Question 5 [4 Marks] 


Will the following C program run successfully? If your answer is yes, show the output from 
running this program. If your answer is no, explain the reason. 


#include <stdio.h> 


int main(void) { 
int *x; 
int result; 


xx = 0; 

result = *x; 

printf ("%sd", result); 
return 0; 


} 


Solution: No, it will not run successfully, since the memory that the integer pointer x points to 
has not been allocated. 


Question 6 [4 Marks] 


An APS 105 student started to write a C program that reads a positive integer value from user 
input, and prints its digits in reverse order. Here are two examples: 


Example 1: 


Enter a positive integer: 723 
327 


Example 2: 


Enter a positive integer: 54 
45 


Please complete his C program below to achieve this goal. 


int main(void) { 
int number; 


printf("\nEnter a positive integer: "); 
scanf ("%d", &number); 
do { 


// Please write your code here. 


} while (number > 0); 


printf ("NANI 
return 0; 


Solution: 


do { 
printf(%sd, number % 10); 
number /= 10; 

} while (number > 0); 


Question 7 [4 Marks] 


Consider the following function which takes a parameter that is a pointer to a pointer to an integer, 
and as such is declared as int «*p;. 


void pointerStuff(int *xp) { 
// Your two lines of code would go here 
return, 


} 


Now, assume that this function is called from the following C program: 


int main(void) { 
int xq; 
int myNumbers[10]; 


q = &(myNumbers[3]); 


pointerStuff (&q) ; 
} 


Give two lines of C Code in the function pointerStuff that would cause the following to hap- 
pen after the execution of the function: 


(a) Set the value of the array element myNumbers [3] in the main program to be 100. 


(b) Change the value of the pointer qin the main function to point to the element myNumbers [4]. 


Solution: 


xxp = 100; (or *(*p) = 100;) 
(*p) ++; (or (*p) = Cap) + 1; or kp = »p + 1;) 
(but *p++ is not correct.) 


Question 8 [2 Marks] 


There have been four plenary lectures since the midterm in this course (not including the one on 
debugging). There is one question from each of those lectures below. You should give a written 
answer for two of these four questions. The answer should be one or two sentences. If you 
answer more than two questions, you must indicate which two you wish to be graded. 


Plenary Lecture 7 — Programming Games. What is the role of the software that is responsible for 
the physics of a game? Give an example of a specific thing that the physics software would control. 
Solution: Physics software models the real world to make sure that the game world displayed 
is physically correct with respect to the laws of physics. Examples: cloth, foot planting, collision 
detection, fluid simulation (anything reasonable here). 


Plenary Lecture 8 — Software Startup Companies. What product did the company Nanoport pro- 
vide? Hint: it related to magnets and USB connectivity. 


Solution: A device that allows magnetic connection between two pieces of hardware that mag- 
netically joins devices physically and electrically. 


Plenary Lecture 9 — Machine Learning and Big Data. What was one of the applications of ma- 
chine learning that Kobo makes use of? Describe it briefly. 


Solution: Possible answers: 1) Differentiating book content - safe from ‘dangerous’ (unacceptable 
word content). 2) Make book recommendations, based on previous choices and other people’s 
choices, and their likliehood of buying. 3) Find best layout of a web page, based on many people’s 
buying habits. 


Plenary Lecture 10 - Computer Vision. What did Professor David Fleet observe about the human 
visual processing in his talk on Computer Vision? 


Solution: That the human brain does a great deal of processing of the incoming visual images a 
human sees. 


Question 9 [8 Marks] 


Write a C function called newt onSquareRoot, the prototype of which is given below, that returns 
the square root of a real number, computed using Newton’s method. To compute the square root 
of a real number x using Newton’s method, we first take a guess of the square root z, initialized 
to x/2, and then improve the guess by computing: 

2 
Sage == 
2zold 
We perform this computation iteratively, until the gap between the improved guess and the pre- 
vious one is less than or equal to 107°. 
Solution: 


double newtonSquareRoot (double x) { 


double z = x / 2, newZ; 
while (fabs(z (newZ = z (z x z — x)/(2 x z))) > le-3) 
Z = Newz; 


return zZ; 


} 
Alternative solution: 


double newtonSquareRoot (double x) { 


double z = x / 2, newZ; 

do { 
newZ = zZz — (z x Zz — X)/(2 * Zz); 
if (fabs(z - newZ) <= le-3) 


return z; 
Z = Newz; 
} while (true); 


Question 10 [10 Marks] 


A doubly-linked list is a linked list-like data structure that has pointers that point in two directions: 
to both the next item and the previous item in the list, as illustrated below: 


The doubly-linked list shown above uses a structure that has three fields, as described in the C 
code below: 


typedef st 


} 


int value; 


struct 


DNode; 


truct dNodeDS { 


t dNodeDS xleft, xright; 


You are to write a C function called insertAtNode that inserts a new DNode (pointed to by the 
variable newNode) into this list. It should be inserted before (i.e. on the left side of) a DNode pointed 
to by the variable placeNode that already exists in the list. The prototype of this function is as 
follows: 


DNode *xinsertAtNode (DNode xhead, DNode xplaceNode, DNode *newNode) ; 


You should make the following assumptions when writing this function: 


e placeNode is not NULL (it points to an actual item in the doubly-linked list). 


e newNode is not NULL, and its value field has been set, but its pointer fields have not been 
set. 


e the function returns the value of the head pointer after the insertion has taken place. 


e the structure described above is declared globally, outside of the main function. However, 
the head pointer itself is not declared globally, and must be accessed by passing it to this 
function as a parameter, as shown in the prototype. 


Solution: 


DNode *xinsertAtNode (DNode xhead, DNode xplaceNode, DNode *newNode) { 


if 
n 


(placeNod 


1 


wNod 


> 


newNode -> right 
placeNod 
return newNode; 


} 


> left == NULL) { 
ft = NULL; 


placeNode; 


> 1 


ft = newNode; 


else { 
newNode -> right placeNode; 
newNode -> left = placeNode -> left; 
placeNod > left -> right = newNode; 
placeNod > left = newNode; 


return head; 


Question 11 [11 Marks] 


The Sieve of Eratosthenes is an ancient algorithm for finding prime numbers. To use this algorithm 
to find all prime numbers less than a given integer, say 100, we start by making a list of consecu- 
tive integers less than 100. We first take p = 2, the smallest prime number, and print it. We then 
eliminate all multiples of p less than 100 in the list, (2p, 3p, 4p,...), from the list, since they are 
multiples of p and are therefore not prime numbers. After eliminating the multiples of p, we find 
the first number after p that has not yet been eliminated, as it must be the next prime number. We 
assign this new prime number to p, print it, and eliminate its multiples from the list, and so on. 
We repeat this procedure until p? is greater than or equal to 100. The numbers that remain in the 
list are prime numbers, and we finish by printing them out. 


Write a complete C program that uses the Sieve of Eratosthenes algorithm to print all prime numbers 


less than 100. Your implementation must not use the % operator. The output of your program 
should be: 


2.3: ST AD T3 LP L9 2S 29°30 3 O41. 43 AP 53 SO OL) OT Te 43) T9283) -89: 97 
Hint: Use an array of size 100 to keep track of whether an integer has been eliminated or not. 


Solution: 


int main(void) 
{ 
int sieve[100] = {0}, i, p = 2; 


while (p < sqrt(100) ) 


{ 
printf("3d ", p); 


// eliminate multiples of p 
i = 2; 


while (i * p < 100) 
{ 


Sieve[i * p] = 1; 
i ++; 

} 

ptt; 

while (sieve[p] == 1) 
ptt; 


for (; p < 100; ptt) 
if (sieve[p] == 0) 
printf("3d ", p); 


printf ("\n"); 


Question 12 [11 Marks] 


Consider the following type definition for a node in a binary tree, which is organized (as described 
in class) to be sorted in ascending order: 


typedef struct treeNode { 

int value; 

struct treeNode xleft, x*right; 
} TreeNode; 


Write a recursive function called countBetween, the prototype of which is given below, that 
returns the total number of nodes in the binary tree that have a value between minimum and 
maximum, inclusive. Your implementation must be recursive. 


int countBetween(TreeNode *root, int mininum, int maximum); 


Solution: 
int countBetween(TreeNode * root, int mininum, int maximum) { 
if (root == NULL) 
return 0; 
if (root -> value < minimum) 
return countBetween(root -> right, minimum, maximum); 
if (root -> value > maximum) 
return countBetween(root -> left, minimum, maximum) ; 
return (1 + countBetween(root -> left, minimum, maximum) 


+ countBetween(root -> right, minimum, maximum) ); 


Question 13 [11 Marks] 

Write a C function called coinSort that sorts an array containing coins. The array contains the 
integer values of the coins, which are only 1 cent, 5 cents, 10 cents, and 25 cents. The function sorts 
all the coins in ascending order. 


As an example, an array of size 10 is shown below: 


25 25. 1 10 5 2. 10 25.5.2 


10 


The sorted array after calling the function is: 
Ded T D-o LO: L0 255 25°25 


Your implementation must not compare any elements of the array with each other, and should 
not duplicate the array. You will have to use an alternative method to sort the array. 


The prototype of the function is the following, where parameter size gives the number of ele- 
ments in the array. 


void coinSort (int array[], int size); 


Hint: Develop your sorting algorithm by considering the fact that the array has only integer values 
of 1,5, 10, and 25. 
Solution: 


Solution 1: 
void coinSort (int array[], int size) { 
// Count the coins 


int counter[4]={0, 0, 0, 0}; 


for(int i=0; i < size; i++){ 


int coinValue = array[i]; 
if (coinValue == 1) 
counter [0 ; 
else if (coinValue == 5) 
counter[1 : 
else if (coinValue == 10) 
counter [2 š 
else 
counter [3 ; 
} 
// Overwrite the original array 


int index = 0; 
for (int j = 0; 


Jj < 4; j++) { 
for(int i O; i < counter[j]; itt) { 
if(j == 0) 
array[index] = 1; 
else if(j == 1) 
array[index] = 5; 
else if(j == 2) 
array[index] = 10; 
else if(j == 3) 
array[index] = 25; 
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indext+; 


Solution 2: 


void coinSort (int array[], int size) { 
// Count the coins 
int counter[4]={0, 0, 0, O}; 


for(int i=0; i < size; itt) { 


int coinValue = array[il]; 

if (coinValue == 1) 
counter [0 ; 

else if (coinValue == 5) 
counter[l x 

else if(coinValue == 10) 
counter [2 x 

else 
counter [3] ; 


} 
// Solution 2 


int index = 0; 

for (int i = 0; i < counter[0]; i++) 
array[index] = 1; 
indext+; 

} 

for (int i = 0; i < counter[1]; i++) 
array[index] = 5; 
indext+; 

} 

for (int i = 0; i < counter[2]; i++) 
array[index] = 10; 
indext+; 

} 

for (int i = 0; i < counter[3]; i++) 
array[index] = 25; 
indext+; 


Question 14 [12 Marks] 
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Write a complete C program that reads in a person’s full name in the following form: 
<first name> <second name> ... <last name> 
The goal of the program is to print out that name in the following form: 


<last name>, <first initial>. <second initial>. 


The program should prompt the user for one person’s full name at a time, ending when the name 
ZZZ is entered. You can assume that the maximum length of the full name is 50 characters. An 
example of the program input and output is given below: 


Enter a name (ZZZ to stop): James Earl Jones 
Your name is: Jones, J. E. 
Enter a name (ZZZ to stop): Beyonce 
Your name is: Beyonce 
Enter a name (ZZZ to stop): Pillsbury D. Boy 
Your name is: Boy, P. D. 

e 


Enter a nam 
Goodbye 


(ZZZ to stop): ZZZ 


You may also assume that the following safegets () function is available for you to use. 


void safegets(char s[], int size) { 


int i = 0, maxIndex size. — 1; 
char -c; 
while (i < maxIndex && (c = getchar()) != ’\n’) { 
s[i] = c; 
i = i + 1; 
} 
s[i] = W0’ 
} 
Solution: 


#define MAX_LENGTH 50 
int main (void) { 
char name [MAX_LENGTH + 1]; 


char *lastNamePtr = NULL, «*firstNamePtr = NULL; 


printf ("Enter a name (242 to stop): "); 
safegets (name, MAX_LENGTH + 1); 


if (name[strlen(name) - 1] == ’\n’) 
name[strlen(name)-1] = ’\0’; 


while (strcmp (name, "ZZZ") != 0) { 
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firstNamePtr = name; 
lastNamePtr = name + strlen(name) - 1; 


// locate last name in the string 
while (lastNamePtr > firstNamePtr && *lastNamePtr != ’ ’) 
lastNamePtr--; 


if (lastNamePtr == firstNamePtr) { 
// print last name (if no first name entered) 
printf("Your name is %s", lastNamePtr); 


} 


else { 
printf("Your name is %s,", lastNamePtr + 1); 
printft(" Sc.", *xfirstNamePtr) ; 
firstNamePtrt+t; 


while (firstNamePtr < lastNamePtr) { 
if («*firstNamePtr == ' ’) // locate next given name 
printf(" Sc.", *(firstNamePtr + 1)); 


firstNamePtrt++; 


printf ("\n"); 
printf ("Enter a name (Z222 to stop): "); 
safegets (name, MAX_LENGTH + 1); 


if (name[strlen(name) - 1] == ’\n’) 
name[strlen(name) - 1] = ’\0’; 


} // end of while loop 


printf ("Goodbye"); 
return 0; 


Question 15 [12 Marks] 


Consider the C program given, in part, below. It declares an integer array of dimensions SIZE x 
SIZE, where SIZE is a defined constant as shown. The first part of the main program calls the 
fillArray function which sets each element of the array to the value 0, 1, or 2. The program 
then asks the user to provide a value, n, which must be an odd integer. (You can assume that the 
user does enter an odd number, and that n > 1 and n < SIZE.) The goal of the program is to find 
all patterns of crosses of size n in the array of all 1 or 2. For example, in the array shown below the 
code, there is a cross of size n = 3 of 1 centred at row = 2,column = 4,acrossofsizen = 3 
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of 2 centred at row = 5,col = 8,and another one centred at row = 6,column = 2. 


#include <stdio.h> 
#include <stdlib.h> 
#include <stdbool.h> 


#define SIZE 10 


int main(void) { 


int array[SIZE] [SIZE]; 


n; 


in 


fillArray (array); 


printf ("Enter Cross Size to search (must be odd): "); 
scanf ("%d", &n); 


// Your main program code would go here 


return 0; 


} 


Example array: 


Row 0: 0000010000 
Row 1: 0000110000 
Row 2: 0001110000 
Row 3: 0000100000 
Row 4: 0000000020 
Row 5: 0020000222 
Row 6: 0222000020 
Row 7: 0020000000 
Row 8: 0000000000 
Row 9: 0000000000 


The output of program is as follows, if the array above was the input, and n = 3: 


Found Cross of Size 3 of 1 at (2,4) 
Found Cross of Size 3 of 2 at (5,8) 
Found Cross of Size 3 of 2 at (6,2) 


Your answer should consist of the code that goes inside the main program above, and additional 
functions. You answer must make use of at least one function. You do not need to rewrite the C 
code provided to you in the space below. 


Solution: 
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Main 


function: 


int main(void) { 


in 
in 


fi 


pr 
SC 


fo 


re 


FIND 


bool 


t array[SIZE] [SIZI 
tng 


CI 
wo 
` 


llArray (array); 


intf ("Enter Cross Size to search (must be odd): "); 
anf ("%d",&n); 
r (int row = 0; row < SIZE; rowtt) 
for (int col = 0; col < SIZE; col++) { 
if (findCross(array, n, 1, row, col)) 
printf("Found Cross of Size *d of $d at (%d,%d)\n", n, 1, row, col); 
if (findCross(array, n, 2, row, col)) 
printf("Found Cross of Size %d of Sd at (%d,%d)\n", n, 2, row, col); 
} 
turn 0; 
CROSS FUNCTION 


findCross(int array[SIZE] [SIZE], int n, int searchNum, int row, 


/x look across one column x/ 
bool found = true; 
int start, end; 


start = row - n/2; 
end = row + n/2; 


// first check if size precludes the result 
if (start >= 0 && end < SIZE) { 


// now look and see if the right number in a row 
for (int k = start; k <= end && found; k++) 
if (array[k] [col] != searchNum) 
found = false; 
} 
else 
found = false; 
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int col) 


{ 


// look across row 
start = col - n/2; 
end = col + n/2; 


// first check if siz 
if (start >= 0 && end 


// now look and see 


precludes the result 
< SIZE) { 


if the right number in a column 


for (int k = start; 
if (array[row] [k] 
found = false; 
} 
else 
found = false; 


return found; 


k <= end && found; k++) 
'= searchNum) 
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Solutions 
UNIVERSITY OF TORONTO 


FACULTY OF APPLIED SCIENCE AND ENGINEERING 


APS105 — Computer Fundamentals 
Final Examination 
April 28, 2014 


Examiner: Khoman Phang 


Exam Type A: This is a “closed book” examination; no aids are permitted. 


A Table of Common C functions and the ASCII Character Table can be found on the last page 
of this exam. 


All questions are to be answered on the test paper. If the space provided for a question is insufficient, 
you may use the last page to complete your answer. If you use the last page, please direct the marker to 
that page and indicate clearly on that page which question(s) you are answering there. 

You must use the C programming language to answer programming questions. 


The test has 11 pages, including this one. 


The marks allocated to the questions, out of a total of 65, are shown in the question headings. 


Name: Student No.: 


MARKS 


1 2 3 4 5 6 | 7 | Total 


/10} /10} /10| /10} /10| /10) /10| /70 


Question 1 [10 Marks] 


(a) True or False; 


(b) True or False: 


rnin 


(c) True or False: 


(d) True or False: 


(e) True or False: 


(f) ‘True or False: 


(g) True or False: 


(h) True or False: 


(i) True or False: 


(j) True or False: 
“Snauaatatomrnbnat, 


To cast in C means to set the value of a constant. 


The following declaration is legal: int list [5] = {4,7,3}; 


The value of the expression, (int) 1.8%*0.6, is 1. 


The statement i *= j + 2; is equivalent to i = i*j + 2; 


Whenever a for loop is executed, the statement in the body of the loop is 
always executed at least once. 


In a function call, the type of the argument does not have to be identical to 
the type of the parameter. 


In C, the only form of parameter passing is call by value. 


If List has been declared as an array, then list+3 is a synonym for &list [3]. 


The maximum value of m modulo n, or m%n, is n-1. 


If malloc() successfully allocates memory, the function will return the number 
of bytes it has allocated. 


Question 2 [10 Marks] 


(a) [4 Marks] State whether the following relational expressions are true or false: 


Expression Answer 
> 1 2 > 2 a z 
false 
IA? — 97) == Pa? -— 2g? true 
IE == 3+ A? 
faise 
107 aa false 


(b) [2 Marks] Let colour be the following structure: 


ae 


— 


struct colour 


{ 
int red; 
int blue; 
int green; 
}; 


Write a single C statement that declares a const variable named MAGENTA of type struct colour 
whose members are initialized to the values 255, 0,255, respectively. That is, the member red is 
initialized to 255, blue is initialized to 0, and green is initialized to 255. 


const struct colour MAGENTA = {255,0,255}; 


[2 marks] When executing the binary search algorithm on a list of sorted data, would it be 
preferable to have the list stored in an array or in a linked list, or does it not matter? Explain your 
response. 


In an array since it is easier to determine the midpoint of an array than it 
is to determine the midpoint of a linked list. 


[2 marks] Consider a C-language identifier values that points to a dynamically allocated array of 
N double-type variables. Write a single C statement to deallocate the memory consumed by the 
array. You may assume that #include <stdlib.h> appears at the top of the C file. 


free (values); 


Question 3 [10 Marks] 


The Node structure in a linked list has been defined as follows: 


typedef struct node 
{ 
double real, img; 
struct node *link; 
} Node; 


Write a C function, double FindAverage (Node *head), that calculates and returns the average of the 
magnitudes of all the complex uumbers stored in the linked list pointed to by pointer parameter, head. 


double findAverage (Node *head) 
{ 

Node *current; 

aint count; 

double sum = 0; 

current = head; 


while(current != NULL) 


{ 
sum += sqrt (pow(current-~>real,2) + pow (current~>img,2)); 
count+t; 
current = current->link; 

} 


return sum/count; 


Question 4 [10 Marks] 


An NxN square matrix is called a diagonal matrix if all its entries off the main diagonal are zero. 


Example: 
à 0 0 
0 Ag O 
0 0 A3 


Write a C function, bool isDiagonal (int matrix[N] [N]), that takes an N x N matrix pointed to by 
parameter, matrix, and returns true if the matrix is diagonal and returns false otherwise. Assume 
that constant N is a positive integer, and note that a 1x1 matrix is diagonal by definition. 


bool isDiagonal (int matrix[N] [N]) 


{ 
bool result = true; 
if (N == 1) return true; 
int i,j; 


for(i = 0; i < N; itt) 
for(j = 0; j} < N; j++?) 
{ 
if(i != j && matrixfi]J[j}] != 0) 
result = false; 
} 


return result, 


Question 5 [10 Marks] 


Write a complete C program that adds up the command-line arguments and prints out the resulting sum. 
You can assume that all the command line arguments are signed integers. 

Assuming the name of the executable file is sum, here is a sample program compilation, execution, and 
the resulting printed output: 


% gcc -o sum sum.c 
% sum 1234 
The sum is 10. 


Start of source code, sum.c: 


#include <stdio.h> 
#include <stdlib.h> 


int main (int argc, char *argv{]) 


{ 


int i,sum = 0; 


for(i = 1; i<argc; itt) 
sum += atoi(argv[i]); 


printf("The sum is d\n", sum); 
return 0; 


Question 6 [10 Marks] 


Trace through the Towers of Hanoi program provided below and write out the first 7 lines that are printed 
out by the program. Describe briefly at what point the algorithm has reached after these 7 moves, and 
draw the corresponding state of the three needles given an initial stack of n=4 disks on Needle 1. 


R First step of the recursive 
algorithm, moveTower (3, 1, 2) 
K has been completed after 7 moves. 
n 
C un) 
Needle 1 Needle 2 Needle 3 


void moveTower (int height,int start,int finish) 


{ 
if (height == 1) 
printf ("%d ---> %d\n",start,finish); 
else 
{ 
int spare = 6 - (start + finish); // identify the spare needle 
// Move the (N-1)-disk tower from start Needle to spare Needle 
moveTower (height-1,start,spare); 
// Move the bottom disk from start Needle to finish Needle 
printf("%d ---> %d\n",start,finish); 
// Move the (N-1)-disk tower from spare Needle to finish Needle 
moveTower (height-1,spare, finish) ; 
} 
} 
moveTower(4, 1, 3) l ---> 2 
, 1 ces 3 
moveTower(3, 1, 2) moveTower(1, 1, 3) moveTower(3, 2, 3) 2 ---> 3 
Is l ---> 2 
moveTower(2, 1, 3) ~“moveTower(1, 1, 2) © moveTower(2, 3, 2) e 2235-7] 
l -~-> 2 
4 Bees: 2 
7 l ~--> 2 
moveTower(1, 1, 2) moveTower(1, 1, 3) moveTower(l, 2, 3) 
1l ~--> 2 1 ->-> 3 2 -=--> 3 
1 2 3 
moveTower(1, 3, 1) moveTower(1, 3, 2) =  moveTower(l, l, 2) 
3 3 1 3 -57 2 1 i 2 


Question 7 [10 Marks] 
Suppose that an array contains the initial values: 4 16 21 14 13 18 8. 


Show the array as it would appear after each full pass of the selection sort. 


Pas: 2 16 8 14 13 18 21 


men 4 16 8 14 13 18 21 


Pass 3: 2 42-8 14 16 18 21 
Pass4 4 8 13 14 16 18 21 
Pass 6: 4 8 Jo 14 16 18 21 
Pass 6 (final result): 4 8 13 14 16 18 21 


Now write the C function, void selectSort (int list[], int length), to implement the above se- 
lection sort. The function receives a non-empty array, list, containing positive integers and the size of 
the array, length, as its parameters. 


void selectSort (int list[{], int length) 
í 


int top, largest, i; 


for (top = length - 1; top > 0; top--) 
{ 
// find largest entry from 0 to top 
largest = 0; 
for (i = 1; i <= top; i++) 
if (list[i] > list[largest]) 
largest = i; 


// put largest entry at top 
int temp = list[top]; 
list{top] = listflargest]; 
listflargest] = temp; 


1 REFERENCE: Some Common C functions 


Math functions — #include <math.h> 


Value returned 


sqrt (x) 
pow(x,y) 
log (x) 
exp (x) 
fabs (x) 
fmax (x,y) 
fmin(x,y) 
floor (x) 
ceil(x) 
sin(x) 
cos (x) 
atan(x) 


maximum of arguments 

minimum of arguments 

largest integer < x (as a double) 
smallest integer > x (as a double) 
sin x (in radians) 

cosg 

arctan z (x in radians) 


String functions — #include <string.h> 


int strlen( char *s ) 

int strcmp( char *si, char *s2 ) 
char *strcpy( char *s1, char *s2 ) 
char *strcat( char *si, char *s2 ) 
char *strstr( char *sl, char *s2) 


Returns length of string. 

Compare. 

Copy s2 to sl. Returns pointer to s1. 
Concatenate s2 to sl. Returns pointer to s1. 
Find leftmost occurence of s2 in s1. 


Standard utility functions ~ #include <stdlib.h> 


double atof( char *nvalstr ) 
int atoi( char *nvalstr ) 
long atol( char *nvalstr ) 
int rand() 


Convert numeric string to double. 
Convert numeric string to int. 
Convert numeric string to long. 
Generates pseudorandom integer. 


2 ASCII Character Table (Excerpt) 


Char Decimal Char Decimal 
0 48 A 65 
1 49 B 66 
2 50 C 67 
3 51 Ra 
4 52 X 88 
5 53 Y 89 
6 54 Z 90 
7 55 he Me 
8 56 a 97 
9 57 b 98 
c 99 
x 120 
y 121 
Z 122 
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Question 1 [2 Marks] 
Rewrite the following code using a for loop rather than a while loop: 


int i = 1; 

while (i < 10) { 
printf ("%d\n",1i); 
i++ 


} 


Answer: 


Question 2 [2 Marks] 


Write one or more C statements that use malloc to dynamically allocate an array of 1000 elements 


of type double. The allocated array should be called list. 


Answer: 


Question 3 [2 Marks] 


Consider the following C-language statement, in which the variable x has been previously de- 
clared as an integer: 


x = ((rand() % 50) + 1) * 2; 


What is the largest value that any execution of this statement would ever place into x? 


Answer: 


Question 4 [3 Marks] 
Consider the following C-language program: 


int main(void) { 


double A[4] = {2.2, 2.2, 3.0, 4.0}; 
double s = 100.0; 


for (int i = 3; i >= 0; i--) s = s + Alil; 
printf("$5.21f\n",s); 

return (EXIT_SUCCESS); 

} 


(a) What is the exact output of this program? 


(b) Name one style rule, taught in the labs in this class, that this program violates. 


Question 5 [4 Marks] 


The following C function is intended to convert any lower-case characters in a string str into 


upper case. Identify and fix four bugs in the function. State the line number and re-write the line 
below. 


1: void toUpper (char *str) 
2: { 

3 char *p; 

4: p = str; 

5: while (p != '\0') { 

6 if (xp >= 'a’ || *p <= ’z") 
7 *p = ‘A’ + xp - a; 
8 (*p) ++; 

9: } 

10: } 

Answer 


Question 6 [3 Marks] 
Consider the following code, where head points to the head of a linked list: 


typedef struct node { 
int value; 
struct node *link; 
} Node; 


Node «head; 


Complete the following C function that returns a pointer to the node that precedes (comes before) 
searchNode, if it is found in the linked list. If searchNode is not found or the linked list is 
empty, the function should return NULL. Read the function carefully: you may need to add code 
in several locations. 


Node *predecessor (Node *head, Node *searchNode) { 
Node «current; 
current = head; 


if (head == searchNode) 
return NULL; 


// COMPLETE THE NEXT LINE: 
while ( ) { 
if (current -> link == searchNode) 


return current; 


// WRITE CODE HERE: 


return NULL; 


Question 7 [3 Marks] 


Will the following C program execute successfully without encountering an error that will stop 
the program? If your answer is yes, show the output from running this program. If your answer 
is no, explain the reason. 


#include <stdio.h> 


void func(int *p, int *q) { 


int +t; 
t = p; 

xD = *q; 
eq = +t; 


int main(void) { 
int i = 0, j= 1; 
int *p, *q; 


p = &i; 
q = &j; 
func (p; q)? 


printf ("%d, %d.\n", *p, *q);} 
return 0; 


Answer: 


Question 8 [2 Marks] 


There have been two plenary lectures since the midterm in this course, and there is one question 
from each of these lectures below. You must answer both questions, and the answer should be one 
or two sentences. 


Plenary Lecture 6 — An Electrical Engineer’s Journey into Software (Professor Vaughn Betz) 
Professor Betz described several examples of computer simulations, all of which were based on 
the simulation of a specific thing/phenomenon. What was that thing? That is, what was being 
simulated? In addition, give one example of what those simulations were used to design. 


Plenary Lecture 2 — Software at Google Scale (Danyao Wang) 
What does the “20% time” at Google mean? 


Question 9 [8 Marks] 
In mathematics, the number of ways of choosing a set k items from a larger set of n items is 
denoted by (7), defined as follows: 

n n! 

(i) ~ kl- (n-k)! (0) 


Write a complete C function, for which the prototype is given below, that computes and returns (7). 
You may not use any functions from math .h in your solution. 


Reminder: n! (factorial) is valid for non-negative integers n, where n! = n- (n — 1) - (n — 2)...-2-1, 
and 0! = 1. 


Note: In your solution, you must write and then use a function to compute factorial. 


int nChooseK(int n, int k) { 


Question 10 [10 Marks] 
Consider the following C struct and typedef declarations: 


struct studentRecord { 
char *name; 
double GPA; 

}; 


typedef struct studentRecord Record; 


Write a complete C function bubbleSortRecords, for which the prototype is given below, that 
uses the Bubble Sort algorithm to sort an array of n elements of type Record. The function should 
sort the elements in ascending order of GPA, and in the event of a tie, should break ties in alphabetical 
order of name, where name is a pointer to a string. You may use a function from the string library, 
string.h, in your answer. Hint: use the library function to compare two strings. 


void bubbleSortRecords (Record records[], int n) { 


Question 11 [10 Marks] 


Pictures that come from a smartphone camera can be represented as a two-dimensional array 
of numbers, where each number corresponds to the colour of each pixel in the picture. These 
cameras suffer from various effects that cause errors in the colour they measure (this variation is 
often called ‘noise’) which makes the picture have poor quality. One way to reduce that noise is to 
average each pixel with the eight pixels that surround it. 


In this question, you will write a C-language function that takes in such an image as an array, 
A, of 100 by 100 of double-type numbers. It computes the ‘averaged’ array, B, which is a slightly 
smaller 98 by 98 array in which each element is the computed average of 9 pixels in the input array. 
The figure below illustrates the computation for a smaller example version of A (a 6x6 array) that 
would produce a 4x4 array B. (The reason that B is smaller than A by 2 is that, at the edges of A, 
there are not enough “surrounding” pixels to produce a full result for B). 


Input Array: A Output Array: B 


-B01 | B02 | B03 | 
“B10 | 621 | 622 | B13 | 


The computation can also be described by these examples: the element B00 of the output array 
B is computed as the arithmetic average of the 9 elements of A that are shaded in the upper left 
corner of array A in the above figure. That is, BOO is the average the nine elements surrounding 
and including element A11 (i.e. A00, A01, A02, A10, A11, A12, A20, A21, A22). Similarly, BO1 
is the average of the 9 elements surrounding and including A12. B02 is the average of the 9 
surrounding/including to A13. B10 is the average of the 9 surrounding/including A21. As a final 
example, B33 is the average of the 9 surrounding/including A44, the set of which is illustrated as 
the shaded section of the lower right hand set of values in the array A above. 


You are to write a C function with a prototype as follows: 
void averageImage (double A[100] [100], double B[98][98]); 


Where A is the input array, and B is the array that the function computes. A specific requirement 
is that you must use one or more loops to compute the average of the 9 elements of A. That is, you 
must not explicitly write out the sum of nine separate elements of A to compute each element of B. 


Write your answer on the next page. 
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Answer: 


11 


Question 12 [12 Marks] 
The following C structure is used to define each node in a linked list: 


typedef struct node { 
int value; 
struct *link; 

} Node; 


Assume that nodes in the linked list are maintained in order of their values, such that the value 
stored in each node is greater than or equal to the value in predecessor nodes. Write a C function: 


void simplify (Node xhead) 

that deletes any duplicate items in the linked list. The parameter head is a pointer to the head 
node of a linked list. Note that the head node of the linked list will remain unchanged after the 
deletions are made. For example, if before calling simplify, the linked list contains: 

13 13 15 15 17 17:17 19 22 25 25 28 

then after calling the function, the list should contain: 

13 15 17 19 22 25 28 


void simplify (Node xhead) { 
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Question 13 [11 Marks] 


Two strings are said to be anagrams of each other if they are of the same length, and contain the 
same characters in a (possibly) different order. For example, "elvis" is an anagram of "lives", 
and "the morse code" is an anagram of "here come dots". You are to write a C function 
isAnagram, with the prototype given below, that returns true if the two strings s1 and s2 are 
anagrams of each other; otherwise, it returns false. In your code, you may modify any of the 
characters in s1 and s2, and may use any function in the string .h library. You can also assume 
that both strings will only contain characters from the alphabet (upper case and lower case) and 
the space character. Also, note that the upper case A is NOT considered as the same character as 
lower case a. 


bool isAnagram(char sl[], char s2[]) { 
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Question 14 [10 Marks] 


Recall the binary sorted tree data structure, described in class, an example of which is illustrated 
below: 


Root 


Assume that each node in this tree is defined by the structure/type with an associated root pointer 
as follows: 


typedef struct btree { 
int value; 
struct btree *leftLink; 
struct btree *rightLink; 
} treeNode; 


treeNode x*root; 


Write a C function (the prototype of which is given below) which counts and returns the number 
of nodes in the entire tree that are less than or equal to the value of the threshold parameter. 


An example of a call to this function is as follows: countBe low (20, root) ; If this call was made 
with root pointing to the tree illustrated above, the answer returned would be 5. 


Note two additional requirements: 
e Your solution must use recursion - solutions without recursion will receive 0 marks. 


e Your solution must make use of the binary sorted tree structure to avoid visiting nodes un- 
neccessarily. 


int countBelow (int threshold, treeNode xstartNode); 


Place your answer on the next page. 
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Answer: 


15 


This page has been left blank intentionally. You may use it for answers to any question in this examination. 
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Question 1 [2 Marks] 


Rewrite the following code using a for loop rather than a while loop: 


int i= 1; 

while (i < 10) { 
printf ("Sd\n",i); 
itt 


Solution: 


for (int a= 2; 2 < 107 IFE) 
printf ("Sd\n",i); 


Question 2 [2 Marks] 


Write one or more C statements that use malloc to dynamically allocate an array of 1000 elements 
of type double. The allocated array should be called list. 


Solution: 


double «list; 
list = (double *)malloc(1000*sizeof (double) ); 


Question 3 [2 Marks] 


Consider the following C-language statement, in which the variable x has been previously de- 
clared as an integer: 


x = ((rand() % 50) + 1) * 2; 


What is the largest value that any execution of this statement would ever place into x? 


Solution: 
100. 


Question 4 [3 Marks] 


Consider the following C-language program: 
int main(void) { 


double A[4] = {2.2, 2.2, 3.0, 4.0}; 
double s = 100.0; 


for (int i = 3; i >= 0; i--) s = s + Af[il; 
printf ("%5.21f\n",s); 

return (EXIT_SUCCESS); 

} 


(a) What is the exact output of this program? 


Solution: 
111.40 


(b) Name one style rule, taught in the labs in this class, that this program violates. 


Solution: 
Poor choice of variable names OR lack on indentation. 


Question 5 [4 Marks] 


The following C function is intended to convert any lower-case characters in a string str into 
upper case. Identify and fix four bugs in the function. State the line number and re-write the line 
below. 


1: void toUpper(char xstr) 
22 4 
3 char xp; 
4: p = str; 
5s while (p != ’\0’) { 
6 if (*p >= ’a’ || *p <= 'z') 
gi *p AY A Rp a; 
8 (*p)++; 
9: } 
IO: Y 
Solution: 
while (xp != ’\0’) 
change || to && 


change -a to ~'a’ 
change to ptt 


onan wo 


Question 6 [3 Marks] 


Consider the following code, where head points to the head of a linked list: 


typedef struct node { 
int value; 
struct node *link; 
} Node; 


Node «head; 


Complete the following C function that returns a pointer to the node that precedes (comes before) 
searchNode, if it is found in the linked list. If searchNode is not found or the linked list is 
empty, the function should return NULL. Read the function carefully: you may need to add code 
in several locations. 


Node xpredecessor (Node *head, Node xsearchNode) { 
Node «current; 
current = head; 


if (head == searchNode) 
return NULL; 


// COMPLETE THE NEXT LINE: 
while ( ) { 
if (current -> link == searchNode) 
return current; 


// WRITE CODE HERE: 


return NULL; 
} 


Solution: 


Node xpredecessor (Node *head, Node xsearchNode) { 
Node «current; 
current = head; 


if (head == searchNode) 
return NULL; 


while (current != NULL) { 
if (current -> link == searchNode) { 


return current; 


// write your code HERE: 


current = current -> link; 


return NULL; 


Question 7 [3 Marks] 


Will the following C program execute successfully without encountering an error that will stop 
the program? If your answer is yes, show the output from running this program. If your answer 
is no, explain the reason. 


#include <stdio.h> 


void func(int *p, int *q) { 


int «t; 
t = p; 
*p = *q; 
xq = *t; 


int main (void) { 
int i = 0, j= 1; 
int xp, *q; 
p = &i; 
q = &j; 
func (p, q); 


printf ("%d, %d.\n", «py 4a); 
return 0; 


} 


Solution: Yes, it will run successfully, and the outputis1, 1. 


Question 8 [2 Marks] 


There have been two plenary lectures since the midterm in this course, and there is one question 
from each of these lectures below. You must answer both questions, and the answer should be one 
or two sentences. 


Plenary Lecture 6 — An Electrical Engineer’s Journey into Software (Professor Vaughn Betz) 
Professor Betz described several examples of computer simulations, all of which were based on 
the simulation of a specific thing/phenomenon. What was that thing? That is, what was being 
simulated? In addition, give one example of what those simulations were used to design. 


Solution: 
First answer: Electro-magnetic radiation, or wireless signals. Second Antennas for low-frequency 
radio for US submarines or MRIs machines’ radiation/ protection. 


Plenary Lecture 2 — Software at Google Scale (Danyao Wang) 
What does the “20% time” at Google mean? 


Solution: At Google, each employee can take 20% of their work week’s time to work on a project 
of their own choosing that they believe could become useful. 


Question 9 [8 Marks] 


In mathematics, the number of ways of choosing a set k items from a larger set of n items is 
denoted by G), defined as follows: 
n\ n! (1) 
kj)  ki-(n—k)! 


Write a complete C function, for which the prototype is given below, that computes and returns (7). 
You may not use any functions from math .h in your solution. 


Reminder: n! (factorial) is valid for non-negative integers n, where n! = n-(n—1)-(n—2)...-2-1, 
and 0! = 1. 


Note: In your solution, you must write and then use a function to compute factorial. 
Solution: 


int fact(int n) 


int ret = 1; 
FOr. .C3) sn > 0.2 oni) 
ret *= n; 


return ret; 


int nChooseK(int n, int k) { 
return fact(n) / (fact(k) * fact (n-k); 


Question 10 [10 Marks] 


Consider the following C struct and typedef declarations: 


struct studentRecord { 
char xname; 
double GPA; 

}; 


typedef struct studentRecord Record; 


Write a complete C function bubbleSortRecords, for which the prototype is given below, that 
uses the Bubble Sort algorithm to sort an array of n elements of type Record. The function should 
sort the elements in ascending order of GPA, and in the event of a tie, should break ties in alphabetical 
order of name, where name is a pointer to a string. You may use a function from the string library, 
string.h,in your answer. Hint: use the library function to compare two strings. 


Solution: 


void bubbleSortRecords (Record records[], int n) { 
ENt: 1,:COp; 
top = n-1; 
while (top > 0) { 
for (1 = 0; i < top; itt) { 
if ((records[i].GPA > records[itl].GPA) | | 


((records[i].GPA == records[it+1].GPA) && (strcmp (records[i].name, records [i+1].nan 
Record temp = records[i]; 
records[i] = records[it+l]; 
records[itl] = temp; 
} 
} 
top--; 
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Question 11 [10 Marks] 


Pictures that come from a smartphone camera can be represented as a two-dimensional array 
of numbers, where each number corresponds to the colour of each pixel in the picture. These 
cameras suffer from various effects that cause errors in the colour they measure (this variation is 
often called ‘noise’) which makes the picture have poor quality. One way to reduce that noise is to 
average each pixel with the eight pixels that surround it. 


In this question, you will write a C-language function that takes in such an image as an array, 
A, of 100 by 100 of double-type numbers. It computes the ‘averaged’ array, B, which is a slightly 
smaller 98 by 98 array in which each element is the computed average of 9 pixels in the input array. 
The figure below illustrates the computation for a smaller example version of A (a 6x6 array) that 
would produce a 4x4 array B. (The reason that B is smaller than A by 2 is that, at the edges of A, 
there are not enough “surrounding” pixels to produce a full result for B). 


Input Array: A Output Array: B 


| B00 | B02 | B03 
UNE B12 | B13 
| B20 | B1 A 
| B30 | B13 | B23 | 


The computation can also be described by these examples: the element B00 of the output array 
B is computed as the arithmetic average of the 9 elements of A that are shaded in the upper left 
corner of array A in the above figure. That is, B00 is the average the nine elements surrounding 
and including element A11 (i.e. A00, A01, A02, A10, A11, A12, A20, A21, A22). Similarly, B01 
is the average of the 9 elements surrounding and including A12. B02 is the average of the 9 
surrounding/including to A13. B10 is the average of the 9 surrounding/including A21. As a final 
example, B33 is the average of the 9 surrounding/including A44, the set of which is illustrated as 
the shaded section of the lower right hand set of values in the array A above. 


You are to write a C function with a prototype as follows: 


void averageImage (double A[100] [100], double B[98][98]); 
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Where A is the input array, and B is the array that the function computes. A specific requirement 
is that you must use one or more loops to compute the average of the 9 elements of A. That is, you 
must not explicitly write out the sum of nine separate elements of A to compute each element of B. 
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Solution: 


void averageImage (double A[100] [100], double B[98][98]) { 
double sum; 


for (int i = 0; i < 98; i++) { 
for (int j = 0; j < 98; j++) { 


for (int k = 0; k < 3; k++) 


Question 12 


sum = 0.0; 


for (int m = 0; m < 3; m++) 
sum = sum + A[itk] [j+m]; 


[12 Marks] 


The following C structure is used to define each node in a linked list: 


typedef st 


truct node { 


int value; 


struct 
} Node; 


t xlink; 


Assume that nodes in the linked list are maintained in order of their values, such that the value 
stored in each node is greater than or equal to the value in predecessor nodes. Write a C function: 


void simplify (Node »xhead) 


that deletes any duplicate items in the linked list. The parameter head is a pointer to the head 
node of a linked list. Note that the head node of the linked list will remain unchanged after the 
deletions are made. For example, if before calling simplify, the linked list contains: 


1313 y ES ee LT Lee i WO 22) 25° 25°28 


then after calling the function, the list should contain: 


13: 15 17 T9 22 25 28 


Solution: 


void simplify (Node xhead) { 
Node «current; 


current 


= head; 
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== NULL) 


if (current 


return; 
while (current -> link != NULL) { 
if (current -> value == current -> link -> value) 
= current -> link; 


Node *nodeToRemove 


-> link = current -> link -> link; 


current 
free (nodeToRemove) ; 

} 

else 
current = current -> link; 
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Question 13 [11 Marks] 


Two strings are said to be anagrams of each other if they are of the same length, and contain the 
same characters in a (possibly) different order. For example, "elvis" is an anagram of "lives", 
and "the morse code" is an anagram of "here come dots". You are to write a C function 
isAnagram, with the prototype given below, that returns true if the two strings s1 and s2 are 
anagrams of each other; otherwise, it returns false. In your code, you may modify any of the 
characters in s1 and s2, and may use any function in the string .h library. You can also assume 
that both strings will only contain characters from the alphabet (upper case and lower case) and 
the space character. Also, note that the upper case A is NOT considered as the same character as 
lower case a. 

Solution: 


bool isAnagram(char *sl, char *s2) { 
if (strlen(sl1) != strlen(s2)) 
return false; 


for (int i = 0; i < strlen(sl); itt) { 
char xp = strchr (s2, sl[i]); 
if (p != NULL) 
// replace the character found from s2 
eae i 
else 


return false; 


} 


return true; 
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Question 14 [10 Marks] 


Recall the binary sorted tree data structure, described in class, an example of which is illustrated 
below: 


Root 


i 


Assume that each node in this tree is defined by the structure/type with an associated root pointer 
as follows: 


typedef struct btree { 
int value; 


struct btree *«leftLink; 
struct btree *xrightLink; 
} treeNode; 


treeNode xroot; 


Write a C function (the prototype of which is given below) which counts and returns the number 
of nodes in the entire tree that are less than or equal to the value of the threshold parameter. 


An example of a call to this function is as follows: countBelow (20, root) ; If this call was made 
with root pointing to the tree illustrated above, the answer returned would be 5. 


Note two additional requirements: 
e Your solution must use recursion - solutions without recursion will receive 0 marks. 


e Your solution must make use of the binary sorted tree structure to avoid visiting nodes un- 
neccessarily. 


int countBelow (int threshold, treeNode «startNode); 


Solution: 


int countBelow (int threshold, treeNode «startNode) { 


int meAndBelow = 0; 


16 


if (startNode != NULL) { // base case NULL, send back the 0 
// always look down left subtree, because if we got here, we must look 
meAndBelow 4 countBelow (threshold, startNode->leftLink) ; 


// check the current node to see if we have to count that 


if (startNode->value <= threshold) { 
meAndBelow++; 


// if the current node is greater than or equal to the threshold 

// don’t have to look down right side, making use of BST structure! 

if (startNode->value < threshold) 
meAndBelow += countBelow(threshold, startNode->rightLink) ; 
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Question 1 [10 Marks] 
Indicate whether each of the following statements is True or False. Write your answer in the table 


given. 


(a) True or False: 
(b) True or False: 


(c) True or False: 


(d) True or False: 


(e) True or False: 


(f) True or False: 
(g) True or False: 
(h) True or False: 


(i) True or False: 


(j) True or False: 


A function can be defined inside another function. 
This statement is correct: double x[3] = {3.2, 6.1, 7.5, 9.4} 


Whenever a for loop is executed, the statement in the body of hte loop is 
always executed at least once. 


These two statements are equivalent: (j++/2 - j) and (++j/2 - j) 


When arrays are used as parameters in function calls, they can be passed 
either by value or reference. 


The value of the expression (int) (6.5 + (double)11 / 3); is 10.0 
The size of a statically allocated array cannot be increased. 


Size of short integer and long integer would vary from one plat- 
form to another. 


If list has been declared as an array and p is a pointer to list, then 
&list [4] isasynonym for list+4 and p+4. 


The statement m %= n/5; is equivalent tom = m%(n/5); 


ANSWER 


Question 2 [2.5 Marks] 
What is the output of the following code: 


#include<stdio.h> 
int main () 
{ char c = ‘A’; 
int i, a[J={18, 12, 8, 11, 4}; 
for (i1=0; i<5; i++) 
printf£("Sc", (char) (c + a[i])); 
return 0; 


} 


Answer: 


Question 3 [7.5 Marks] 


Find the compile-time errors in the following program. Correct the errors, rewriting or adding 
any lines as needed. 


/* This function adds two integers */ 
#include<stdio.h>; 

int main() 

{ 


int integerl, integer2, sum; /*x declarations */ 


printf("Enter first integer\n") 
scanf("%d", integerl); //reads first integer 


printf ("Enter second integer\n"); 
scanf ("%d", integer2); //reads second integer’: 


sum = intl + int2; /* adding */ 
printf("Sum is %d\n", &sum); //printing sum 


return 0; /* termination 


Question 4 [7 Marks] 


Write a function called quadx for calculating the roots of a quadratic equation, 71 = =V tac 


and r2 = =v tac vb =a, The function must generate two results, x1 and x2. It returns x1 and places 
the value of x2 into a given address in memory. Variables x1, x2 are double, and a, b, and c are 
int, all previously declared. You may use math functions. The main function calls quadx in the 
following manner: 

xl = quadx(a, b, C, &x2); 
Answer: 


Question 5 [4 Marks] 


Write a function named testDiv that has two parameters of type int, and returns a type bool. 
The function accomplishes a test to see if the larger of the two inputs is exactly divisible by the 
other. 

Answer: 


Question 6 [4 Marks] 


The following code compiles and runs without any errors. After the run is complete, what are the 
values of the variables on the table? Write them on the table. 


#include <stdio.h> 


/* helper function */ 
int func(int *k, int j) 
{ 


int i, m=1; 


for (i = 0; i < J; ++i) { 


} 


return m; 


int main () 

{ 
int d, n= 5, h= 3; 
d = func(&n, h) ; 


return 0; 


Question 7 [5 Marks] 


Write below what is printed by the following C program after execution. Make sure you show the 
steps you took in your tracing to reach the answer. 


int theNumber( int a[], int z) 
{ 
if (z == 0) 
return a[0]; 
else 
return (a[z] + theNumber (a, z-2)); 
} 
int main (void) 
{ 
int i, m[11]; 
for (i=0; i<=10; i++) 
m[i] = i+2; 
printf("The number is %d \n", theNumber (m, 6)); 
return 0; 
} 
Answer: 


Question 8 [12 Marks] 


Complex numbers are particularly useful in Engineering. The multiplication of two complex num- 
bers mı = a+ jb and m2 = c+ jd results in a third complex number m3 = x + jy, whose real (x) 
and imaginary (y) components are calculated as follows: 


xz =ac— bd y =be+ad 


Write a full C program to implement this complex number multiplication. The only library you 
are allowed to use is stdio.h. Your program is required to have: 


e The real and imaginary coefficients for both numbers (all int) entered by the user; 


e The real and imaginary coefficients for all complex numbers held in a data type called 
Complex, which you must define; 


e A function called multiply, whose prototype is Complex multiply (Complex, Complex); 


e Your function called from within the main function; 


The result of the multiplication (i.e., complex number mg) printed to the screen with both its 
real and imaginary components. 


A sample output would be: 
Enter real and imaginary values for first number: 4 3 
Enter real and imaginary values for second number: 2 1 


The result is: 5 + j 10 


Answer: 
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Question 9 [6 Marks] 

A certain matrix multiplication function multiplies matrix A and B, and stores the result in matrix 
Result. Your task is NOT to write the multiplication function, but to declare the matrices, allocate 
and deallocate memory for them as described below. 

Each of the three matrices is located in sequential blocks of memory (a sequence of contiguous 
memory addresses per matrix). The data held in each matrix is of type float. The dimensions 
are to be passed to the function as int parameters. Matrix A has dimensions (m by n), and Matrix 
B has dimensions (p by q). Access to the elements of each matrix will be done via pointers (not as 
two dimensional array indexes). 


Write the declarations for matrices A, B and Result (1 line). Remember, they are not to be declared 
as two dimensional arrays. 


Write the memory allocation for matrices A, B and Result (3 lines). Do not use for loops. 


Write the memory de-allocation for matrices A, B and Result (3 lines). Do not use for loops. 


Question 10 [14 Marks] 


The data type presented below defines a node of a linked list which will hold information per- 
taining to athletes for the upcoming PanAm games. You will need the information below for all 
remaining questions. However, the answer to one question does not affect the ariswers to the 
others. 


typedef struct athlete{ 
char name[20]; 
char nation[20]; 
char sport[20]; 
struct athlete» next; 
}ATHLETE; 


The head and the tail of the linked list have been declared as 
ATHLETE *ListHead, *ListTail; 


Write a function insertList to insert a new node. Make sure that this function: 
e allocates memory as needed; 
e inserts the new node at the end of the list, unless it is the first node (check it!). 


Answer: 


10 
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Question 11 [8 Marks] 


Assuming the database using the linked list on the previous question is filled with all information, 
write a function called checkNation to count how many athletes from a certain nation will be 
present in the games. You may use st rcmp in your function. The call to the function should be: 


x = checkNation(ListHead, "Canada"); 


Note: you do not need the answer to the previous question to solve this question. 


Answer: 
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REFERENCE: Some Common C functions 


Math functions — #include <math.h> 
sqrt (x) 
pow (x,y) 
log (x) 
exp (x) 
fabs (x) 
fmax (x, y) 
fmin (x,y) 
floor (x) 
ceil (x) 
sin(x) 
cos (x) 
atan (x) 


String functions ~ #include <string.h> 


int strlen( char xs ) 


int strcemp( char *sl, char *s2 ) 

char *strcpy( char *sl, char *s2 ) 
char xstrcat( char «sl, char *s2 
char *strstr( char *sl, char *s2) 
Standard utility functions— #include <stdlib.h> 


double atof( char *«nvalstr ) 
int atoi( char *nvalstr ) 
long atol( char *nvalstr ) 
int rand() 


ASCII Character Table (Excerpt) 


Char Decimal Char Decimal 


0 48 A 65 
1 49 B 66 
2 50 C 67 
3 51 wes 
4 52 X 88 
5 53 Y 89 
6 54 Z 90 
7 55 ie se 
8 56 a 97 
9 57 b 98 
c 99 
x 120 
y 121 
Z 122 
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Value returned 


Jz 


maximum of arguments 
minimum of arguments 

largest integer < x (as a double) 
smallest integer > x (as a double) 
sin x (in radians) 

COs T 

arctan x (x in radians) 


Returns length of string. 

Compare. 

Copy s2 to s1. Returns pointer to s1. 
Concatenate s2 to s1. Returns pointer to s1. 
Find leftmost occurence of s2 in s1. 


Convert numeric string to double. 
Convert numeric string to int. 
Convert numeric string to long. 
Generates pseudorandom integer. 


UNIVERSITY OF TORONTO 
FACULTY OF APPLIED SCIENCE AND ENGINEERING 


APS 105 — Computer Fundamentals 
Final Examination 
April 14, 2016 
Special Accommodations - Paper exam 
(150 minutes) 


Examiner: B. Korst, P.Eng. 


For this Final Exam, you will use the programming techniques presented in the lectures, used in 
quizzes and labs, and covered in Chapters 1 through — and including — 11 of the ZyBook. 


You can use your ZyBook, other books and notes or the Internet in any device as a reference, but 
you cannot exchange messages with anyone in any way. In addition, programs copied from another 
student or straight, word for word, from the internet will result in a zero for the exam and an academic 
offence process. 

All questions are to be answered on the examination paper. If the space provided for a question 
is insufficient, you may use the extra pages to complete your answer. If you use the extra pages, 
please direct the marker to the page and indicate clearly on that page which question(s) you are 
answering there. 


You must use the C programming language to answer programming questions. 


Full Name: 


Student Number: —— ee SsSCSC<S<;7; PTC TORRID: 


MARKS 


TT2 [3 4s [ey 7] 819 | tel | 


/15 | /20 | 7100 | 


Question 1 [5 Marks] 


The code below was intended to create a recursive function to calculate a factorial, but it presents 
a stack overflow. Resolve the problems in the code. 


[x 


* File: Question0Ol.c 
* A program with a significant problem 


*/ 


#include<stdio.h> 


int 


{ 


int 


someOp (int n) 


if (n==0) 
{ 

return 1; 
} 


return someOp (n) «n; 


main (void) 


int a, n; 


printf ("Input an integer number between 1 and 10: 


scanf ("%d", &n); 
a = someOp(n); 
printf ("The result is: %d \n\n", a); 


return 0; 


viy 


Question 2 [5 Marks] 


Write two functions: one that allocates memory space for a type double and returns a pointer to 
the type doublePointer (defined for you), then a second function to ensure no memory is wasted 
when the space is no longer needed. Your main function will 


(a) declare two pointers, pi and e of type doublePointer; 
(b) call one of your functions to allocate space and return a pointer to the allocated space; 


(c) assign the value 3.1415 to the location pointed at by pi and 2.718 to the location pointed at 
by e; and 


(d) will release the memory space allocated in item b. 


#include<stdio.h> 
#include<stdlib.h> 
typedef double xdoublePointer; 


doublePointer newDouble (void) 


{ 
//WRITE YOUR CODE HERE 


} 
void noLeak (doublePointer 2) 
{ : 

//WRITE YOUR CODE HERE 


} 


int main (void) 
{ 


// write parts a), b) and c) here 


printf ("%1f %1f \n\n", *pi, *e); 


// write part d) here 


printf ("%1f %1£ \n\n", xpi, +e); 
return 0; 
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Question 3 [5 Marks] 


Write a full program in C that takes two inputs by the user and calls a function to check if the first 
number input is exactly divisible by the second number. The function should return a bool type, 
so your program should include the appropriate library in C. Your code should be inserted in the 
skeleton code given below. 


#include <stdio.h> 


//YOUR FUNCTION GOES HERE 


int main (void) 


{ 
int m, n; 


printf ("Enter two integer numbers:\n"); 
scanf ("Sd %d", &m, &n); 


//ENTER YOUR CODE WITH THE FUNCTION CALL HERE. 


return (0); 


Question 4 [10 Marks] 


Complete the definition of the function best Rally whose header is shown below. The parameter 
price gives a list of the daily closing prices of a stock and the parameter 1ist Length gives the 
length of the price array. A rally for a stock is defined as a period in which the closing price of 
the stock either increases or stays the same. The function should return the difference in the price 
of the stock in the rally with the largest increase in price. If the stock price never rises, the function 
should return zero. 


double bestRally (double price[], int listLength) 
{ 


// your code goes here 


Question 5 [10 Marks] 


The skeleton code below shows that the program will make use of command line arguments. This 
particular program is intended to read one string as an argument from the command line and to 
check if it is in the array that has been given. If the string entered matches one of those in the 
array, the program prints it. If it does not, the program must print the message “Error” and exit. 
Complete the program: 


#include <stdio.h> 
#include <string.h> 


int main (int argc, char *xargv[]) 
{ 
char *«univ[] = {"UOFT", "QUEENS", "UWO", "MCGILL" }; 


// YOUR CODE GOES HERE 


Question 6 [15 Marks] 


The value of the mathematical constant e can be aaa by the formula: 


Ik, 
exo =1+5 nto se 


ao 
Write a complete C program that calculates the value of e to a precision of 107°. You must output 
(print f) the value of e calculated by your program, as well as the number of terms (that would 


be the m in the equation) in the summation when you reached the required precision. The skeleton 
code is found below. 


#include<stdio.h> 
int main (void) 


{ 


// your code goes here 


printf("The value of e is approximately %1f.\n", sum); 
printf("The number of terms it took is %d.\n\n", n); 


return 0; 


Question 7 [15 Marks] 


The program given below calls a recursive function quickSort to sort an array of integers. Your task is 
to resolve the problems and sort the array of integers given. Some problems are in the way the Quick Sort 
algorithm is implemented, but other problems appear at other parts of the program. There is a total of five 
problems. These are NOT syntax problems; they may be logic, function calls misplaced, wrong parameters, 
etc. Point out the problem and how you would solve them. 


#include<stdio.h> 
int a[10]={6,5,9,20,3,8,3,7,1,2}; 


void quickSort (int values[], int low, int high) 
{ 

int i; 

int left = low; 

int right = high; 


if (left >= right) 
return; 


int pivot = values[left]; 


while(left < right) 
{ 
while (values[right] >= pivot) 
right--; 


values([(left] = values[right]; 


while (values[left] <= pivot) 
left++t; 


values[right] = values[left]; 
} 


values [right]=pivot; 


quickSort (values, low, left—1); 
quickSort (values, left+1, high); 


printf ("\n\nThe sorted sequence is: "); 


for (i=0; i<10; i++) 
printf ("sd ", ali]); 


int main (void) 
int j; 
printf ("The original sequence is: "); 
for (j=0; 3<10; j++) 
printf ("%d ", aljl); 
quickSort(a, 1, 20); 


return 0; 
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Question 8 [15 Marks] 


You are to write a function that is part of a program to calculate the equivalent load of two loads in parallel. 
It is known that a parallel equivalent is expressed by the equation below, where Za and Zb are the loads 
connected in parallel. 


Zax Zb Product 


Z, = = Z 
paralel Za 4 Zb Sum 

Both Za and Zb are complex numbers, each with a real and an imaginary value, as in Z = A + jB, with A 

being the real part and B the imaginary part. Both Za and Zb are of type COMPLEX, defined by: 


typedef struct { 
double real; 
double imaginary; 
} COMPLEX; 


The functions that perform the complex product and the complex sum are already implemented. They are: 
prodImp and sumImp. Their output is a type COMPLEX and their prototypes are: 


COMPLEX prodImp (COMPLEX m, COMPLEX n); 
COMPLEX sumImp (COMPLEX p, COMPLEX q); 


Write a function called parallel that will calculate the resulting load by means of a complex division 
between the product and the sum as shown above. 

The steps to effect the complex division can be illustrated as follows for a generic complex number Z. An 
itemized explanation is also shown below. 


Znum = (Fram * Znew) Z Rreat + jRimaginary = Rreat q j Rimaginary 
Zden Zreal Zreal Zreal Zreal 


(a) Create a new complex number which is a copy of the denominator, but with the changed sign on the 
imaginary value. For example: 
Zden =C+ 9D then Zanew = C — jD 


(b) Multiply the numerator by Zanew. The product is also complex, called R, which has a real and an 
imaginary component; 


(c) The product between the denominator and Zanew above will result in a purely real number, which is 
calculated as follows: 
If Zaen =C+ 5D then Zreal = C? + D? 


(d) Divide the real and imaginary parts of R (both are type double) by Zea (also a type double) 
calculated in 3). 


(e) Return the complex value. 


The two inputs to function paralle1 will be the two loads, and the prototype is: 
COMPLEX parallel (COMPLEX t, COMPLEX v); 
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Question 9 [20 Marks] 


PART A — The data type presented below defines a node of a linked list. You will need the infor- 
mation below for this question and the next. However, the answer to one question does not affect 
the answers to the other. 


typedef struct student { 
char codename[20]; 
char nationality[20]; 
int age; 
struct student* next; 
} STUDENT; 


The head and the tail of the linked list have been declared as 
STUDENT *xListHead, xListTail; 


Write a function insert Student to insert a new node. Make sure that this function: 


e allocates memory as needed; 
e inserts the new node at the end of the list, unless it is the first node (check it!). 


Answer: 


13 
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PART B — Assuming the database using the linked list on the previous question is filled with all 
information, write a function called checkAge to count how many students are registered for a 
given age bracket. The call to the function should be: 


x = checkAge(ListHead, 19, 22); 


Note: you do not need the answer to the previous question to solve this question. 


Answer: 
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APS105, Final Exam, Spring 2016 
University of Toronto 


Final Exam - APS105T - Spring 2016 


B.Korst, P.Eng. 


For this Final Exam, you are limited to using only the programming techniques presented in the lectures and covered in chapters 
1 through — and including — 11 of the ZyBook. You can use your ZyBook, other books and notes or the Internet as a reference, 
but you cannot exchange messages with anyone in any way. 


In addition, programs copied from another student or straight, word for word, from the internet will result in a zero for the 
exam and an academic offence process. 


You will use NetBeans as your programming environment. 
After every question for which you write code to answer, follow the submission procedure. You are free to run the submission 


procedure more than once. When you are done compiling and testing your programs, follow the instructions found at the end of 
this document. 


Question 1a - 5 Marks - 5 minutes 


Run the code found in project Fina1lQ01a. The code was intended to create a recursive function to calculate a factorial, but it 
presents a stack overflow. Resolve the problem and submit a working code. 


Question 1b - 5 marks - 10 minutes 


Write two functions: one that allocates memory space for a type double and returns a pointer to the type doublePointer (defined 
for you), then a second function to ensure no memory is wasted when the space is no longer needed. Your main function will 


1. declare two pointers, pi and e of type doublePointer; 
2. call one of your functions to allocate space and return a pointer to the allocated space; 
3. assign the value 3.1415 to the location pointed at by pi and 2.718 to the location pointed at by e; and 


4. will release the memory space allocated in item 2. 


The skeleton code is found under FinalQO1b. 


Question 2 - 5 Marks - 5 minutes 
Write a full program in C that takes two inputs by the user and calls a function to check if the first number input is exactly 
divisible by the second number. The function should return a bool type, so your program should include the appropriate 
library in C. Your code should be inserted in the skeleton code given in project FinalQ02. 


Question 3 - 10 Marks - 20 minutes 


During election seasons, many public polls are taken to determine the people’s changing support for a given party or candidate. 
Over the short term, the poll numbers may fluctuate widely, and so it is common practice to report the average of the last °X?’ 
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number of polls (e.g. the last 3 polls, or last 5 polls, etc.). 


Write a program that repeatedly prompts the user for an integer input between 0 and 100 (inclusive), and reports the average 
of the last 5 inputs after every input of the user. Note that if the program has not yet received 5 inputs, it should only calculate 
the average of the numbers it has received thus far. In addition, as the user enters more values, only the last five are used 
to calculate the average. Your program should discard any numbers that are over 100, and not factor that into the average of 
subsequent results. Upon receiving a negative number as input, the program should exit. 


An example output of the program is shown below, where the user input is in bold. 


Input latest number: 1 
Latest average is: 1.00 
Input latest number: 3 
Latest average is: 2.00 
Input latest number: 5 
Latest average is: 3.00 
Input latest number: 202 
Invalid input 

Input latest number: -3 
Exiting program... 


Insert your code in the skeleton code found in project FinalQ03. 


Question 4 - 10 Marks - 20 minutes 


This question makes use of command line arguments. Write a full C program to copy an existing file into another file. If the 
destination file exists, re-write it; if it does not, create a new file. Both files should be kept in the same directory as your C 
program is (this is the default directory). The ’existing” file is given to you, it is called file1.txt, and it contains a few 
lines of strings. You must include in your program a check for the number of arguments entered by the user. If the number of 
arguments is not exactly the number needed, your program must exit and print an error. 


Two libraries stdio.h and string .h are included in the skeleton code and you must use only these two libraries. Your 
program should make use of functions such as fgetc and fputc. 


In the comments of your solution code you must indicate how your program is supposed to be run by a user, if the user 
decides to run it via the command window. The skeleton code is found under project FinalQ04. 
Question 5 - 15 Marks - 20 minutes 
The value of the mathematical constant e can be approximated by the formula: 


| 1 
1 


Write a complete C program that calculates the value of e to a precision of 1076. You must print the value of e calculated 
by your program, as well as the number of terms (that would be the m in the equation) in the summation when you reached the 
required precision. The skeleton code is found in project FinalQ05. 


Question 6 - 15 Marks - 20 minutes 


The program given in project FinalQ06 calls a recursive function quickSort to sort an array of integers given. The 
program runs into a segmentation fault, right on the first try, so we know that there are problems in it. Your task is to resolve the 
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problems and sort the array of integers given. Some problems are in the way the Quick Sort algorithm is implemented, but 
other problems appear at other parts of the program. 


There is a total of five problems. These are NOT syntax problems; they may be logic, function calls misplaced, wrong 
parameters, etc. 


Solve the problems and submit your code. When you find a problem, write a comment in the program stating that you 
found the problem and solved it. 


Question 7 - 15 Marks - 30 minutes 


Your task is to write a function that calculates the value of a resulting *equivalent” load if two complex loads are connected in 
parallel. The skeleton code is provided in project Fina1Q07, and you may use only the libraries given in the skeleton code. 
The result of a parallel equivalent is expressed by the equation below, where Za and Zb are the loads in parallel. 


Za*Zb _ Product 
Za+Zb Sum 

Write a function called parallel that will calculate the resulting load by means of a complex division between the 
product and the sum as shown above. 


The steps to effect the complex division can be illustrated as follows for a generic complex number Z. An itemized 
explanation is also shown below. 


Z parallel = 


Znum (Znum * Znew) R real + JRimaginary Rreal Rimaginary 


= = j 
Zden Zreal Zreal Zreal Zreal 


1. Create a new complex number which is a copy of the denominator, but with the changed sign on the imaginary value. For 
example: 
Zien =C+ jD then Zanew =C-— jD 


2. Multiply the numerator by Z4new. The product is also complex, called R, which has a real and an imaginary component; 


3. The product between the denominator and Z4newy above will result in a purely real number, which is calculated as follows: 
If Zgen=C+jD then Zyeqi =C +D? 


4. Divide the real and imaginary parts of R (both are type double) by Z,eai (also a type double) calculated in 3). 


Nn 


. Return the complex value. 


The two inputs to function parallel will be the two loads, and the prototype is: 


IMPEDANCE parallel (IMPEDANCE t, IMPEDANCE v); 


The printf calls are given, so make sure you pass the appropriate parameters to the printf call. You can check your result at: 
http://hyperphysics.phy-astr.gsu.edu/hbase/electric/serpar.html 


Question 8 - 20 Marks - 30 minutes 


The skeleton code found in FinalQ08 is part of a code to take a list of planet names from a file and create a linked list with 
them. The input file is called planets .dat. The resulting linked list is meant to be a sorted list by the planets’ distances 
from the sun, and the list is to contain only unique names. 


Take a look at planets. dat, and look at the the code that is given to you. For this question, you may not alter the main 
function. The overall flow of the main function is as follows: store all the planet data from planets.dat into a linked list (sorted 
by their distance from the sun), print the entire list (which may contain more than one entry per planet), filter the list such 
that only the unique planets remain, and finally print the list again after filtering. Your task is to complete the two functions: 
insertPlanet (which inserts in order) and filterUniques. 


Final Exam - APS105T - Spring 2016 — 4/4 


Submitting the solutions 


You will submit your solutions, question by question, in a plain text .c file. You will save your program from NetBeans, and the 
questions should already be in files named per individual question, i.e. FinalQ01a.c, FinalQ01b.c, FinalQ2.c, etc. You will 
start by opening a terminal window and typing: 


e When you are ready to submit, go to a terminal window (it could be the same one from which you opened the test.) 


e Enter aps105final submit into the command line and press enter. 


If you submit more than once, the latest files will REWRITE the previous submission. Only the latest submission will 
be considered. 


You must submit your answers, or no record of them will be kept. 


Note: To list your submission history you can use the following command: aps105final list. 
Use this command regularly to check that you have submitted the questions you have answered. 
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Question 1 [2 Marks] 


Find and correct all compile-time errors (mistakes that would cause compilation or that would 
cause the ‘build’ to fail) in the following C program. Your answer should both identify what the 
error is, and what the correction should be. Marks will be deducted if you identify correct items 
as compile-time errors. 


#include <stdio.h> 
int main(void) { 


ENE. Ge K3 
int xi = &j; 
for (xi HOF xL X L07 toe oo): af 


scanf ("%d", &k); 
printf ("%da", (xi) » (xi) * (*1)); 
} 


Answer: 


Question 2 [2 Marks] 


Write a single C statement that declares an int variable randomChoice, and initializes it with a 
number that is randomly selected from the following set: -5, 5, 0, -10, 10. 


Answer: 


Question 3 [2 Marks] 


The following binary search tree was constructed by inserting a sequence of values into an empty 
tree: 


Which of the following insert sequences will not produce the above binary search tree: 
53917 15 6 12 19 
53 1 9 15 19 7 6 12 
5 9 7 © 15 12 3 19 1 
5 9 67 15 12 19 3 1 


H F Ayyo 


5 9 3 7 1 15 19 12 6 


(Please note the “not” above.) 


Answer: 


Question 4 [2 Marks] 


In a doubly linked list, each node has two pointers: one called next which points to the next node 
in the list, and one called prev which points to the previous node in the list, as in the following 
declaration: 


struct node { 


} 


i 
S 
S 


* 


nt key; 
truct node x*next; 


truct node x*prev; 
n, *Pi 


Consider a part of a doubly linked list as shown below where the two variables, n and p, have 
been set to point to nodes as shown in the figure: 


n 


na a 


Which of the following expression(s) does not refer (point) to the third, right-most node in the 
diagram above? 


A: p->next 


n->next-—>next 


p->next-—>prev 


p->next-—>prev->next 


B 
C 
D: n->next->prev->next->next 
E 


(Again, please note the “not” above.) 


Answer: 


Question 5 [2 Marks] 


Consider the following array with exactly 15 elements: 


Tele Tete Tete ell: belts bes 


Suppose we are doing a binary search on the array. 


Circle all elements that would not be found after examining three numbers if we were searching 
for the value of the target element using binary search. (An element is considered “examined” if 
it is compared against the value being searched for.) 


Answer: 


Question 6 [3 Marks] 


Recall the cocktail sort method that you used in Lab 9 in this course, and consider the following 
sequence of numbers: 


8. °6 5 3 (9 12 
Give the result of the first three passes of the cocktail sort algorithm on these numbers, assuming 
that the sorted order is to have the lowest number on the left, and that the sorting algorithm starts 


on the left end of the above numbers. A pass is one traversal through the set of numbers. 
Answer: 


After Pass 1: 


After Pass 2: 


After Pass 3: 


Question 7 [2 Marks] 


There have been four plenary lectures since the midterm in this course, and there is one question 
from each of these lectures below. You must answer two of these four questions. Each answer 
should be one or two sentences. If you answer more than two questions, you must indicate which 
two you wish to be graded; if you do not indicate which, then the first two in order will be graded. 


Plenary Lecture 6 — From Circuits to Software (Professor Jason Anderson) 

Professor Anderson described methods of converting computations (that are described in soft- 
ware) into hardware that could perform that same computation. For example, an addition in 
software (suchas a = b + c;) would be converted into a hardware adder. Similarly multiplica- 
tion and division are converted into multipliers and dividers. He also described a key step in the 
overall process of conversion, which was called scheduling. What is the purpose of the scheduling 
step? 


Plenary Lecture 7 — Machine Learning and Artificial Intelligence (Xavier Snelgrove) 

Mr. Snelgrove described two methods for having a computer try to understand human language. 
The first method used ‘if’ statements, like those used in this course, to identify specific words and 
phrases that are present in the words written. What is the problem with this method, and what 
better method did he describe for performing this function? 


Plenary Lecture 8 — Computer Vision (Professor Sven Dickinson) 
Professor Dickinson described many possible applications that use computer vision methods. Name 
two of them. 


Plenary Lecture 9 — Accenture (Safdar Mahmood) 
Mr. Mahmood described the notion of ‘disruption’ in the modern, business context. What does 
the word disruption mean in that context? 


Question 8 [8 Marks] 
Write a C language function called rotateAndFindLongest that does two things: 


(a) It rotates the values of four integer variables that exist in the calling function. For example, if 
the value of the four variables in the calling function were 34, 28, 66, 19 before the function 
was called, the variable values would be 19, 34, 28, 66 after the function was called. 


(b) The function should return the value of the largest of the all four variables. 


Answer: 


Question 9 [7 Marks] 


This question has several, somewhat related, parts: 


(a) Write the C-language code to declare four variables with the following types. You can freely 
choose the name of your variables. 


e A 32 bit signed integer 
e A double 
e Achar 


e Anarray of bool of size 10 


Answer: 


(b) Write the complete C-language code that declares a struct, called myStruct, that contains all 
four of the types from part (a) as members. 


Answer: 


10 


(c) Write the C-language code for a new version of the struct in part (b), called myLLStruct, that 
would enable it to be used as a node in a linked list. 


Answer: 


(d) Write a single C statement to declare an array (called myArrayStruct) of size 100 of the struct 
declared in part (b) - i.e of the struct myStruct. 


Answer: 


(e) Write several lines of C-language code that will initialize the first 50 integers in the above array 
(from part (d)) to the value 1000, and the last 50 doubles to be 0.5, and every boolean value in the 
array to be false. All other values in the array should not be initialized. 


Answer: 


11 


Question 10 [8 Marks] 


You are to write a function that sets a rectangular portion of a 2-dimensional array to a specific 
value. The function takes the following as input parameters: an integer 1000x1000 2-dimensional 
array called A, four integer parameters named rowStart, rowEnd, colStart, and colEnd 
and an integer parameter value. 


The purpose of the function is to set the value of the array elements in A beginning with 
A[rowStart] [colStart] and ending with A [rowEnd] [colEnd] to be the value value. The 
picture below illustrates that the shaded portion of the array should have its elements changed to 
value, for the specific example given: 


rowStart = 2, rowEnd = 6, colStart = 3, colEnd= 8 
Al2][3] A[6][8] 


Fae ET Pee 
sy) eH 


However, this function is to be used by students in a first year C programming course, and those 
students are well-known for writing code that has errors. For example, they often attempt to 
access elements of an array outside of its defined bounds, among other problems. Therefore, 
your function should check that the inputs to the function are correct before performing the above 
operation. You must determine, through the reading of this question, what would make the inputs 
rowStart, rowEnd, colStart, colEndand value correct. (You can assume that the array 
A is passed in correctly.) 


The function should return a boolean result that is set to t rue if the inputs are valid, and false if 
they are not. In the case that the inputs are not valid, the setting of the values of the array should 
not be attempted. 


IMPORTANT: Your solution, in addition to the code for the function described above, should 
also show how you would call this function from the main function, and make use of its return 
value. That is, you should show the call to the function (with appropriately declared variables, 
and gathering input from the user for rowStart, rowEnd, colStart, colEndand value) 
and make appropriate use of the returned boolean value. 


(give your answer on next page) 
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Answer: give your solution from the above question on this page. 


13 


Question 11 [10 Marks] 


Write a function char «deleteSubString(char «source, char *substring) that takes 
two strings called source and substring as its parameters. It should return a new dynamically 
allocated string that is constructed from the strings source and substring. The newly created 
and returned string should be the same as the source string, but with the first occurrence of the 
string substring removed. For example, if the string source has the value "my toronto", 
and the string substring has the value "to", the function will return the string "my ronto". 
You may use any of the string-related functions in the C standard library, and may assume that 
string.h has been included. 


Answer: (You can continue your solution on the next page.) 


char xdeleteSubString(char *source, char *substring) { 


14 


continue your solution from the above question on this page. 
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Question 12 [10 Marks] 


Recall that, in a binary tree, a node that has no children is called a leaf. Given the following node 
declaration: 


struct treeNode { 

int value; 

struct treeNode «left; 
struct treeNode *right; 


}; 


write a function called treeLeafCount () that takes one struct treeNode *root parameter 
and returns the number of leaves in the tree pointed to by root. You may not use global variables 
in your solution. 


Answer: 


16 


Question 13 [10 Marks] 


QuickSort is considered one of the fastest sorting algorithms in practice. However, it turns out that 
Insertion Sort is faster than QuickSort for smaller arrays; e.g., for arrays with 10 or fewer elements. 
Because of this, many implementations use a combination of both algorithms: they use QuickSort 
when the size of the array segment to be sorted is larger than 10, but switch over to Insertion Sort 
when the size of the array segment to be sorted is less than or equal to 10. 


Your job is to implement QuickSort for an array of doubles that automatically switches over to 
Insertion Sort for the small array segments with less than or equal to 10 elements. To make your 
job easier, you can assume the following function is available: 


int selectPivotAndPartition(double list[], int from, int to); 


This function processes the segment of array a from index from to index to. It selects a pivot ina 
smart way, and then partitions all elements in the [from, to] segment so that all elements less 
than or equal to pivot are located to the left of the pivot element and all elements greater than or 
equal to pivot are located to the right of the pivot element. The function then returns the index of 
the array where the pivot is located. Hence, after you call 


int piIndex = selectPivotAndPartition(list, from, to); 
you are guaranteed that 
list[i] <= list[pIndex] when from < i < pIndex 
and 


list[i] >= list [pIndex] when pIndex < i < to 


Give your answer on the next pages. 
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Answer: 


void quickSort (double list[], int from, int to) { 


18 


Continue your solution to the previous question on this page. 


19 


Question 14 [10 Marks] 


The following C structure is used to define each node in a linked list: 


typedef struct node { 
int data; 
struct node xlink; 
} Node; 


Write a C function, called buildJoinedList, that takes two linked lists called firstList and 
secondList as its parameters, and returns a new list that joins the two lists, with secondList 
at the front. Both firstList and secondList are pointers to the first node of a linked list. The 
function should return a pointer to a new list that is dynamically allocated. 


Note that the existing linked lists pointed to by firstList and secondList must not be mod- 
ified in any way. 


An example of how the function should work is as follows: if first List points to a linked list 
containing nodes storing the numbers 1, 2, 3, 4, 5 and secondList containing the num- 
bers 6, 7, 8, 9, 10, then the newly created list returned by the buildJoinedList function 
should contain nodes storing the numbers 6, 7, 8, 9, 10, 1, 2, 3, 4, 5. 


Answer: (You can continue your solution on the next page.) 


20 


Continue your solution from the above question on this page.. 
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This page has been left blank intentionally. You may use it for answers to any question in this examination. 
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Question 1 [2 Marks] 


Find and correct all compile-time errors (mistakes that would cause compilation or that would 
cause the ‘build’ to fail) in the following C program. Your answer should both identify what the 
error is, and what the correction should be. Marks will be deducted if you identify correct items 
as compile-time errors. 


#include <stdio.h> 
int main(void) { 


ENE. Ge K3 
int xi = &j; 
for (xi HOF xL X L07 toe oo): af 


scanf ("%d", &k); 
printf ("%da", (xi) » (xi) * (*1)); 


Solution: 


"xi < 10, xi = xi + 1" -> "xi < 10; xi = xi + 1" 


Question 2 [2 Marks] 


Write a single C statement that declares an int variable randomChoice, and initializes it with a 
number that is randomly selected from the following set: -5, 5, 0, -10, 10. 


Solution: 


int randomChoice = rand() © 5 * 5 — 10; 


Question 3 [2 Marks] 


The following binary search tree was constructed by inserting a sequence of values into an empty 
tree: 


Which of the following insert sequences will not produce the above binary search tree: 
53917 15 6 12 19 
53 1 9 15 19 7 6 12 
5 9 7 © 15 12 3 19 1 
5 9 67 15 12 19 3 1 


H F Ayyo 


5 9 3 7 1 15 19 12 6 


(Please note the “not” above.) 


Solution: 


D only 


Question 4 [2 Marks] 


In a doubly linked list, each node has two pointers: one called next which points to the next node 
in the list, and one called prev which points to the previous node in the list, as in the following 
declaration: 


struct node { 


} 


i 
S 
S 


* 


nt key; 
truct node x*next; 


truct node x*prev; 
n, *Pi 


Consider a part of a doubly linked list as shown below where the two variables, n and p, have 
been set to point to nodes as shown in the figure: 


n 


na a 


Which of the following expression(s) does not refer (point) to the third, right-most node in the 
diagram above? 


A: 


B 
C 
D: 
E 


p->next 


n->next-—>next 


p->next-—>prev 


n 


>next—>prev-—>next—>next 


P 


>next->prev->next 


(Again, please note the “not” above.) 


Solution: 


C 


Question 5 [2 Marks] 


Consider the following array with exactly 15 elements: 


Tele Tete Tete ell: belts bes 


Suppose we are doing a binary search on the array. 


Circle all elements that would not be found after examining three numbers if we were searching 
for the value of the target element using binary search. (An element is considered “examined” if 
it is compared against the value being searched for.) 


Solution: 


All the odd elements are circled. 


Question 6 [3 Marks] 
Recall the cocktail sort method that you used in Lab 9 in this course, and consider the following 
sequence of numbers: 


9.96 5 35 (9 12 


Give the result of the first three passes of the cocktail sort algorithm on these numbers, assuming 
that the sorted order is to have the lowest number on the left, and that the sorting algorithm starts 
on the left end of the above numbers. A pass is one traversal through the set of numbers. 


Solution: 

Pass 1: 6538912 
Pass 2: 36589 12 
Pass 3: 3568 9 12 


Question 7 [2 Marks] 


There have been four plenary lectures since the midterm in this course, and there is one question 
from each of these lectures below. You must answer two of these four questions. Each answer 
should be one or two sentences. If you answer more than two questions, you must indicate which 
two you wish to be graded; if you do not indicate which, then the first two in order will be graded. 


Plenary Lecture 6 — From Circuits to Software (Professor Jason Anderson) 

Professor Anderson described methods of converting computations (that are described in soft- 
ware) into hardware that could perform that same computation. For example, an addition in 
software (suchas a = b + c;) would be converted into a hardware adder. Similarly multiplica- 
tion and division are converted into multipliers and dividers. He also described a key step in the 
overall process of conversion, which was called scheduling. What is the purpose of the scheduling 
step? 


Solution: Scheduling determines which operation (such as addition) happens when (in which 
time step). Some operations happen in parallel, and as scheduling decides that they will occur at 
the same time. 


Plenary Lecture 7 — Machine Learning and Artificial Intelligence (Xavier Snelgrove) 

Mr. Snelgrove described two methods for having a computer try to understand human language. 
The first method used ‘if’ statements, like those used in this course, to identify specific words and 
phrases that are present in the words written. What is the problem with this method, and what 
better method did he describe for performing this function? 


Solution: Problems: 1) Need to know many specific words and phrases to get all possible mean- 
ings; 2) May mis-interpret the meaning by just looking for a word - e.g. “I wish I were happy” 
vs. “Iam happy” have the same key word, but two different meanings. Better method: automat- 
ically train a machine to learn many meanings with millions of examples so that the context and 
meaning are clear, across a wide range of vocabulary. 


Plenary Lecture 8 — Computer Vision (Professor Sven Dickinson) 
Professor Dickinson described many possible applications that use computer vision methods. Name 
two of them. 


Solution: Face recognition Smile recognition Digit recognition Tracking of tennis balls /in/out Self 
driving cars Lots of other choices 


Plenary Lecture 9 — Accenture (Safdar Mahmood) 
Mr. Mahmood described the notion of ‘disruption’ in the modern, business context. What does 
the word disruption mean in that context? 


Solution: Disruption occurs when a there is a new way to deliver the product/service that an 
established business/industry has as its core business, such that the new method is much much 
cheaper, faster or better in some way; the existing businesses usually don’t (or can’t) react fast 
enough save their businesses from losing out to the new method, and hence are ‘disrupted.’ 


Question 8 [8 Marks] 
Write a C language function called rotateAndFindLongest that does two things: 


(a) It rotates the values of four integer variables that exist in the calling function. For example, if 
the value of the four variables in the calling function were 34, 28, 66, 19 before the function 
was called, the variable values would be 19, 34, 28, 66 after the function was called. 


(b) The function should return the value of the largest of the all four variables. 


Solution: 


int rotateAndFindLargest (int *xl, int *x2,int *x3,int *x4) { 


int largest = «x4; 

if (largest < *x3) largest = *x3; 
if (largest < *x2) largest = *x2; 
if (largest < x*xl) largest = *x1; 
int temp = *x4; 

xx4 = *x3; 

*X3 = *x2; 

*X2 = xxl; 

xxl = temp; 


return (largest); 


Question 9 [7 Marks] 


This question has several, somewhat related, parts: 


(a) Write the C-language code to declare four variables with the following types. You can freely 
choose the name of your variables. 


e A 32 bit signed integer 
e A double 
A char 


e Anarray of bool of size 10 


Solution: 


int namel; 

double namel; 
char name3; 
bool name4[10]; 


(b) Write the complete C-language code that declares a struct, called myStruct, that contains all 
four of the types from part (a) as members. 


Solution: 


struct myStruct { 
int namel; 

double name2; 
char name3; 
bool name4[10]; 
}; 


(c) Write the C-language code for a new version of the struct in part (b), called myLLStruct, that 
would enable it to be used as a node in a linked list. 


Solution: 


struct myLLStruct { 
int namel; 
double name2; 


char name3; 
bool name4[10]; 
struct myStruct xlink; 


}; 


(d) Write a single C statement to declare an array (called myArrayStruct) of size 100 of the struct 
declared in part (b) - i.e of the struct myStruct. 


Solution: 


struct myStruct myArrayStruct [100]; 


(e) Write several lines of C-language code that will initialize the first 50 integers in the above array 
(from part (d)) to the value 1000, and the last 50 doubles to be 0.5, and every boolean value in the 
array to be false. All other values in the array should not be initialized. 


Solution: 


for (int i = 0; i < 100; i++) { 
if (i < 50) myArrayStruct[i].namel = 1000; 
else myArrayStruct[i].name2 = 0.5; 


for (int j = 0; j < 10; j++) 
myArrayStruct[i].name4[j] = false; 
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Question 10 [8 Marks] 


You are to write a function that sets a rectangular portion of a 2-dimensional array to a specific 
value. The function takes the following as input parameters: an integer 1000x1000 2-dimensional 
array called A, four integer parameters named rowStart, rowEnd, colStart, and colEnd 
and an integer parameter value. 


The purpose of the function is to set the value of the array elements in A beginning with 
A[rowStart] [colStart] and ending with A [rowEnd] [colEnd] to be the value value. The 
picture below illustrates that the shaded portion of the array should have its elements changed to 
value, for the specific example given: 


rowStart = 2, rowEnd = 6, colStart = 3, colEnd= 8 
Al2][3] A[6][8] 


Fae ET Pee 
sy) eH 


However, this function is to be used by students in a first year C programming course, and those 
students are well-known for writing code that has errors. For example, they often attempt to 
access elements of an array outside of its defined bounds, among other problems. Therefore, 
your function should check that the inputs to the function are correct before performing the above 
operation. You must determine, through the reading of this question, what would make the inputs 
rowStart, rowEnd, colStart, colEndand value correct. (You can assume that the array 
A is passed in correctly.) 


The function should return a boolean result that is set to t rue if the inputs are valid, and false if 
they are not. In the case that the inputs are not valid, the setting of the values of the array should 
not be attempted. 


IMPORTANT: Your solution, in addition to the code for the function described above, should 
also show how you would call this function from the main function, and make use of its return 
value. That is, you should show the call to the function (with appropriately declared variables, 
and gathering input from the user for rowStart, rowEnd, colStart, colEndand value) 
and make appropriate use of the returned boolean value. 


Solution: 


Am intentionally not providing a prototype 
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#incl 
#incl 


bool checkBo 


lude <stdio.h> 
Lude <stdbool.h> 


if (star 


t > end) 


if (star 


Ey, 8.0, "| 


if (end < 0 | 
return true; 


und(int start, 


int end) { 
// not every check here is strictly necessary 


return false; 


start > 999) 
end > 999) 


bool initSectionInArray (int A[1000] [1000], 


int 


int colStart, 


if ('!checkBound (rows 


tart, rowk 


int colEnd, int value) { 


return false; 
return false; 


int rowStart, int rowEnd, 


return false; 


if (!checkBound(colStart,colEnd)) return false; 
for (int i = rowStart; i <= rowEnd; i++) 
for (int j = colStart; j <= colEnd; j++) 
A[i][j] = value; 
return true; 
main(void) { 
int xl, x2, yl, y2, v, a[1000] [1000]; 
printf("Enter xl, x2, yl, y2, v\n"); 
scanf ("Sd%dsdSd%d",&x1l, &x2, &yl, &y2, &V); 


if (initSectionl 


else { 


[nArray (a,x1,x2,yl,y2,v)) printf ("Success!\n"); 


printf ("Failure - something wrong with input indices\n"); 
return(1); 


return o0 


f. 
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Question 11 [10 Marks] 


Write a function char «deleteSubString(char «source, char *substring) that takes 
two strings called source and substring as its parameters. It should return a new dynamically 
allocated string that is constructed from the strings source and substring. The newly created 
and returned string should be the same as the source string, but with the first occurrence of the 
string substring removed. For example, if the string source has the value "my toronto", 
and the string substring has the value "to", the function will return the string "my ronto". 
You may use any of the string-related functions in the C standard library, and may assume that 
string.h has been included. 


Solution: 


char xdeleteSubString(char *source, char *substring) { 
char x*xresult = (char x) malloc(sizeof(strlen(source)) + 1); 


char xs, xr = result; 
bool deleted = false; 


for (s = source; *s != ’\0’; stt) { 
if (strstr(s, substring) != s) { 
xr = *S; 
EFR} 
} else { 
if (!deleted) { 
s = s + strlen (substring) - 1; 
deleted = true; 
} else { 
xr = *S; 
EEF 
} 
} 
} 
xr = '\0O'; 


return result; 
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Question 12 [10 Marks] 


Recall that, in a binary tree, a node that has no children is called a leaf. Given the following node 


declaration: 


Str 


S 
S 


}; 


write a function called treeLeafCount () that takes one struct treeNode *root parameter 
and returns the number of leaves in the tree pointed to by root. You may not use global variables 


truc 


eric 


ue; 


in your solution. 


Solution: 


Fundamentally, the solution has to do a tree traversal and count the number of leaves. 


uct treeNode { 
int val 


int treeLeafCount ( 


int count 


if ( 


Dire 
return 1 
p->left 
count 
p->right 


0; 


NULL ) 
(p->left == NULI) 


i 
I= 
Ere 


I= 


struct treeNode xp ) 


treeNode «left; 
treeNode xright; 


return 0 


& & 


NULL ) 


eLeafCount 
NULL ) 


, 


(p->right 


t( p->left 


count 


= count 


return count ; 


+ treel 


LeafCount ( 
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== NULL) 
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Question 13 [10 Marks] 


QuickSort is considered one of the fastest sorting algorithms in practice. However, it turns out that 
Insertion Sort is faster than QuickSort for smaller arrays; e.g., for arrays with 10 or fewer elements. 
Because of this, many implementations use a combination of both algorithms: they use QuickSort 
when the size of the array segment to be sorted is larger than 10, but switch over to Insertion Sort 
when the size of the array segment to be sorted is less than or equal to 10. 


Your job is to implement QuickSort for an array of doubles that automatically switches over to 
Insertion Sort for the small array segments with less than or equal to 10 elements. To make your 
job easier, you can assume the following function is available: 


int selectPivotAndPartition(double list[], int from, int to); 


This function processes the segment of array a from index from to index to. It selects a pivot ina 
smart way, and then partitions all elements in the [from, to] segment so that all elements less 
than or equal to pivot are located to the left of the pivot element and all elements greater than or 
equal to pivot are located to the right of the pivot element. The function then returns the index of 
the array where the pivot is located. Hence, after you call 


int piIndex = selectPivotAndPartition(list, from, to); 
you are guaranteed that 
list[i] <= list[pIndex] when from < i < pIndex 
and 


list[i] >= list [pIndex] when pIndex < i < to 


Give your answer on the next pages. 
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Solution: 


void quickSort( double a[], int from, int to ) { 
if( to <= from ) return ; // base case 
if( to - from < 10 ) { // do insertion sort 
for(int i=from+l; i<=to; itt) { 


} 
} else { 


// everything bet 
double temp=a[i]; 


ANE. J e= ae ly 

while( (temp<a[j]) 
a[j+1] = a[j]; 
j = j-1; 

} 

al[j+1] = temp; 


int pIndex = 
quickSort( a, 
quickSort( a, 


sel 


from, 


P 


Index+1, 


tween from and i is 


&& (j>=from) ){ 
// shift element 


// do quicksort 


lectPivotAndPartition( a, 
pIndex-1 ) ; 


to ) ; 
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sorted 


to the right 


from, 


to 


) 


f: 


Question 14 [10 Marks] 


The following C structure is used to define each node in a linked list: 


typedef struct node { 
int data; 
struct node xlink; 
} Node; 


Write a C function, called buildJoinedList, that takes two linked lists called firstList and 
secondList as its parameters, and returns a new list that joins the two lists, with secondList 
at the front. Both firstList and secondList are pointers to the first node of a linked list. The 
function should return a pointer to a new list that is dynamically allocated. 


Note that the existing linked lists pointed to by firstList and secondList must not be mod- 
ified in any way. 


An example of how the function should work is as follows: if firstList points to a linked list 
containing nodes storing the numbers 1, 2, 3, 4, 5 and secondList containing the num- 
bers 6, 7, 8, 9, 10,then the newly created list returned by the buildJoinedList function 
should contain nodes storing the numbers 6, 7, 8, 9, 10, 1, 2, 3, 4, 5. 

Solution: 


Node *newNode(int data, Node xlink) { 
Node *newNode; 


Node *node = (Node x) malloc(sizeof (Node) ); 
if (node != NULL) { 
node->value = newValue; 


node->Link = link; 


return node; 


Node *buildJoinedList (Node *firstList, Node *secondList) { 
Node «current = secondList, *head = NULL, «tail = NULL; 
while (current != NULL) { 

if (head == NULL) { 
head = newNode (current -> data, NULL); 
tail = head; 
current = current -> link; 

} else { 

tail -> link = newNode (current -> data, NULL); 

tail = tail -> link; 

current = current -> link; 
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current = firstList; 
while (current != NULL) { 
if (head == NULL) { 
head = newNode(current -> data, NULL); 
tail = head; 
current = current -> link; 
} else { 
tail -> link = newNode (current -> data, NULL); 
tail = tail -> link; 
current = current -> link; 


} 


return head; 
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Question 1 [4 Marks] 


Assume you have a function declared as: 
void specialSort(SpecialType aL], int arraySize); 


This function is able to sort an array of elements of type SpecialType. It takes two parameters: a, 
a pointer to the array to be sorted, and arraySize, the number of elements in the array. 


Further, assume you have an array specialArray that was declared as follows: 
SpecialType specialArray[1000]; 


Assume that all 1000 elements in this array have been initialized with randomly generated data. 
Write a single C statement that calls the function specialSort() so that it sorts specialArray, the 
array with 1,000 elements. 


Question 2 [4 Marks] 


Write a single C statement that generates a random even number in the range of [-150, 150] 
(inclusive), and uses it to declare and initialize an int-type variable randomChoice. 


Question 3 [4 Marks] 


Consider the following declarations: 


typedef struct name { 
char *firstname; 
char xlastname; 

} Name; 


typedef struct employee { 
int SIN; 
int employeeNumber; 
Name xemplName; 

} Empl; 


Empl employees[1000]; 


Assume that all 1000 elements in the employees array have been initialized and none of the pointers 
are NULL. Write a single C statement that declares a character variable c and assigns it the first 
character of the last name of the second employee in the employees array. 


Question 4 [4 Marks] 


Write a single C statement that declares a variable called intPtrArray, initialized to point to an 
array of 10 integer pointers that is dynamically allocated. 


Question 5 [4 Marks] 


Complete the following C program, designed to search for an int-type item, called key, in a linked 
list, pointed to by head. 


typedef struct node { 
int data; 
struct node «Link; 
} Node; 


Node xsearch(Node head, int key) { 
Node xcurrent = head; 


// insert your code in the line below between the parentheses 
while ( ) { 
current = current -> link; 


} 


return current; 


Question 6 [4 Marks] 


Without using any functions in the standard C library (including all string-related functions), write 
aC function stringLength() that takes a string str as its only parameter, and returns the number 
of characters in the string. If str has a value of NULL, the function should return 0. 


int stringLength(char xstr) { 


Question 7 [4 Marks] 


Evaluate the following relational expressions by circling the right answer. 


‘'\O' == @ false true 


int x = 10 % 8; 
(x > 0) && (x % 2 == 0) && !false false true 


'c' - 3 == ‘a’ false true 


int w = rand() % 75 x 2 - 99; 
(w < -99) || (w > 49) false true 


Question 8 [4 Marks] 
What does the following program output? 


int correct(int a) { 


int b; 
if (a == 0) { 
b = Q; 
} else { 
b=a% 2+ 10x correct(a / 2); 
} 
return b; 
} 


int main(void) { 
int number; 


number = correct(121); 
printf("The correct value for 121 is: %d\n", correct(121)); 
return ð; 


} 


Question 9 [6 Marks] 


Consider the following binary search tree: 


This tree may have been created by inserting the elements in the following order: 5, 3, 7, 4, 6. 
Or it may have been created by inserting the elements in the following order: 5, 7, 3, 6, 4. 


But a different tree would have been created by inserting the elements in the following order: 
5, 4, 6, 7, 3. 


How many different ways can the elements {3, 4, 5, 6, 7}be inserted into a binary tree so that 
the same tree is created as in the figure above? 


Question 10 [6 Marks] 


Identify and correct all compile-time errors you find in the C program below. Compile-time errors 
are errors — not warnings — that the compiler will report when compiling the program. Each 
line may or may not contain compile-time errors, and there may be more than one error per line. 


1 #include <stdio.h> 
2 #include <stdlib.h> 


3 typedef struct node { 

4 int data; 

5 struct node «left, right; 

6 } Node; 

7 Node *xinsert(Node *root, int item) { 
8 if (root == NULL) { 

9 return newNode(item) ; 

10 } 

11 if (item <= (*root).data) 

12 insert(root -> left, item) 
13 return root; 

14 } 

15 int main(void) { 

16 int list[] = {15, 3, 2}; 

17 Node xroot = NULL; 

18 for (int i = ð; i < 13; i ++) { 
19 root = insert(root, list[i]); 
20 } 

21 return ð; 

22 } 


Please write your answer using the table on the next page. You will be penalized if the errors you 
have identified are not compile-time errors. 


Line # 


Description of error 


Correction 


Question 11 [6 Marks] 


Write a C function called preamble() that takes two parameters: a string str and an int-type inte- 
ger n. The function will then return a new string that is dynamically allocated, and that contains 
at most the first n characters in the string str. For example, if str is "Toronto", and n is 3, then the 
function will return "Tor” (the first three characters in "Toronto”). If str is "Toronto” and n is 8, 
then the function will return "Toronto”. If str is NULL, the function will also return NULL. 


char xpreamble(char xstr, int n) { 
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Question 12 [10 Marks] 
The constant E is defined as a double constant of 2.718281828459045. 


const double E = 2.718281828459045; 


A first positive integer is called a mirror of a second one if they both contain two digits, and when 
the two digits in the first integer are flipped, the first integer becomes the second one. For example, 
81 is a mirror of 18 (and vice versa). 


Implement a function called firstMirrorInE() that returns the first two-digit number found in 
consecutive digits of E whose mirror have appeared earlier in the sequence of digits. You should 
only consider the first 16 digits of E — 2718281828459045. The function returns @ if such a mirror 
pair does not exist in the first 16 consecutive digits of E. Your program must extract the digits from 
the constant variable E. 


Hint: The firstMirrorInE() function should return 28, since its mirror, 82, has appeared earlier 
in the sequence of digits. Your function must not simply return 28 without doing any work. It is 
also incorrect to return 81, because even though its mirror, 18, appeared previously, 81 is not the 
first in the sequence that can be found. 


Feel free to declare and implement additional functions when needed. 
Please write your solution to the question here and continue on next page: 


int firstMirrorInE(void) { 
const double E = 2.718281828459045; 
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Please continue your solution to Question 12 on this page: 
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Question 13 [10 Marks] 


The following C structure is used to define each node in a linked list: 


typedef struct node { 
int data; 
struct node «Link; 
} Node; 


Write a C function called printDuplicates that receives a pointer to the first node (head) of a linked 
list as a parameter. The function should find and print the duplicate integers in the linked list. For 
example, if the linked list contains the integers 6, 3, 3, 6, 7, 4, then the printDuplicates() 
function should print: 

3 


Note: In your solution, you may assume that a given integer occurs at most twice in the linked list. 


void printDuplicates(Node xhead) { 
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Question 14 [10 Marks] 


Consider the following function that returns the index of a char c in a string string (ie., the 
position of the first c in the string), or returns -1 if c does not occur in string: 


int findIndex(char *string, char c) { 

int n = ð; 

while («string != c && xstring != '\Q') { 
string = string + 1; 
++n; 

} 

if («string == '\0') 
return -1; 

return n; 


} 


Write a C function recursiveFindIndex(char *string, char c) that does not use any loops and 
yet behaves like the findIndex() function above. Your function may have additional parameters, 
but at the minimum must include the parameters string and c. 


14 


Question 15 [10 Marks] 


Write a C function called sortOddEven() that rearranges the order of the elements in an integer 
array such that all odd numbers are to the left of all even numbers. The function has two parame- 
ters: a pointer to the integer array and an integer specifying the number of elements in the array. 
The odd numbers can be in any order, as long as they are all to the left of any even number, and 
the even numbers can be in any order, as long as they are all to the right of any odd number. 


For example, if the elements of the array initially are: 

146 5 9 3 8 2 

then after sortOddEven() processes the array, the elements may become: 
13 9 5 6 4 8 2 


Note: In your solution, you may not declare or use another array. 


void sortOddEven(int inputL], int size) { 
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Question 16 [10 Marks] 


The following C structure is used to define each node in a binary search tree: 


typedef struct node { 
int data; 
struct node *left; 
struct node «right; 
} Node; 


Write a C function: 


Node *xsecondLargestNode(Node root); 


that finds and returns a pointer to the node that contains the second largest value in the binary 
search tree. The parameter root is a pointer to the root node of a binary search tree. If the binary 
search tree is empty or has one node only, the function returns NULL. For example, if the function 
is called with root pointing to the binary search tree on page 7, it will return a pointer to the node 
that contains 6. 


Node xsecondLargestNode(Node *root) { 
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Question 1 [4 Marks] 


Assume you have a function declared as: 
void specialSort(SpecialType aL], int arraySize); 


This function is able to sort an array of elements of type SpecialType. It takes two parameters: a, 
a pointer to the array to be sorted, and arraySize, the number of elements in the array. 


Further, assume you have an array specialArray that was declared as follows: 

SpecialType specialArray[1000]; 
Assume that all 1000 elements in this array have been initialized with randomly generated data. 
Write a single C statement that calls the function specialSort() so that it sorts specialArray, the 
array with 1,000 elements. 
Solution: 


specialSort(specialArray, 1000); 


This is an all or nothing question, given how simple it is. 4 marks or Q. 


Question 2 [4 Marks] 


Write a single C statement that generates a random even number in the range of [-150, 150] 
(inclusive), and uses it to declare and initialize an int-type variable randomChoice. 
Solution: 


int randomChoice = (rand() % 151) * 2 - 150; 


1 mark: rand() % 151 
1 mark: * 2 

1 mark: - 150 

1 


mark: int randomChoice = 


Question 3 [4 Marks] 


Consider the following declarations: 


typedef struct name { 
char *firstname; 
char xlastname; 

} Name; 


typedef struct employee { 
int SIN; 
int employeeNumber; 
Name xemplName; 

} Empl; 


Empl employees[1000]; 


Assume that all 1000 elements in the employees array have been initialized and none of the pointers 
are NULL. Write a single C statement that declares a character variable c and assigns it the first 
character of the last name of the second employee in the employees array. 

Solution: 


char c = employees[1].emplName -> lastname[Q]; 


mark for indexing "employees” 

mark for using dot operator to get to "emplName” 
mark for using "->" operator to get to "lastname” 
mark for returning o-th index of lastname 


a er ry 


Question 4 [4 Marks] 


Write a single C statement that declares a variable called intPtrArray, initialized to point to an 
array of 10 integer pointers that is dynamically allocated. 

Solution: 

int *xintPtrArray = (int xx) malloc(1@ * sizeof(int *)); 


mark for having one statement. 

mark for properly declaring \verb|intPtrArray | 
mark for calling verb|malloc() | 

mark for proper malloc argument 


a er er | 


Question 5 [4 Marks] 


Complete the following C program, designed to search for an int-type item, called key, in a linked 
list, pointed to by head. 


typedef struct node { 
int data; 
struct node «Link; 
} Node; 


Node xsearch(Node head, int key) { 
Node xcurrent = head; 


// insert your code in the line below between the parentheses 
while ( ) { 
current = current -> link; 


} 


return current; 


} 


Solution: 


current != NULL && current -> data != key 


2 marks: current != NULL 
1 mark: && current -> data != key 
1 mark: the correct order (current != NULL should be the first) 


Question 6 [4 Marks] 


Without using any functions in the standard C library (including all string-related functions), write 
aC function stringLength() that takes a string str as its only parameter, and returns the number 
of characters in the string. If str has a value of NULL, the function should return 0. 

Solution: 


int stringLength(char xstr) { 
int count = Q; 
while (str != NULL && str[count] != '\@') { 
countt+; 


} 


return count; 


} 


int stringLength(char xstr) { 
int count = @; // 1 mark 
while (str != NULL && str[count] != '\@') { // 2 marks 
count++; // 1 mark 


} 


return count; 


} 


Question 7 [4 Marks] 


Evaluate the following relational expressions by circling the right answer. 


"'\O' == Q false true 


int x = 10 % 8; 
(x > 0) && (x % 2 == 0) && !false false true 


'c' - 3 == ‘a’ false true 


int w = rand() % 75 x 2 - 99; 
(w < -99) || (w > 49) false true 


Solution: 


true 
true 
false 
false 


1 mark for each 


Question 8 [4 Marks] 
What does the following program output? 


int correct(int a) { 


int b; 
if (a == 0) { 
b = Q; 
} else { 
b=a% 2+ 10x correct(a / 2); 
} 
return b; 
} 


int main(void) { 
int number; 


number = correct(121); 
printf("The correct value for 121 is: %d\n", correct(121)); 
return ð; 


} 


Solution: 


1111001 (convert from decimal to binary recursively) 


4 marks, all or nothing 


Question 9 [6 Marks] 


Consider the following binary search tree: 


This tree may have been created by inserting the elements in the following order: 5, 3, 7, 4, 6. 
Or it may have been created by inserting the elements in the following order: 5, 7, 3, 6, 4. 


But a different tree would have been created by inserting the elements in the following order: 
5, 4, 6, 7, 3. 


How many different ways can the elements {3, 4, 5, 6, 7}be inserted into a binary tree so that 
the same tree is created as in the figure above? Solution: 


2 H ji ’ 


? $ ? ? 


? ? ? ? 


? ? : , 


? ? : , 


o aAa Aa wo 
NNN WW W 
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Wnt DD BRN 
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Full 6 marks if the answer is 6 
Otherwise: 1 mark for each insertion sequence they show that produces the correct result beyond 
the two that the question already lists. 


Question 10 [6 Marks] 


Identify and correct all compile-time errors you find in the C program below. Compile-time errors 
are errors — not warnings — that the compiler will report when compiling the program. Each 
line may or may not contain compile-time errors, and there may be more than one error per line. 


1 #include <stdio.h> 
2 #include <stdlib.h> 


3 typedef struct node { 
4 int data; 
5 struct node «left, right; 
6 } Node; 
7 Node *xinsert(Node *root, int item) { 
8 if (root == NULL) { 
9 return newNode(item) ; 
10 } 
11 if (item <= (*root).data) 
12 insert(root -> left, item) 
13 return root; 
14 } 
15 int main(void) { 
16 int list[] = {15, 3, 2}; 
17 Node xroot = NULL; 
18 for (int i = ð; i < 13; i ++) { 
19 root = insert(root, list[i]); 
20 } 
21 return ð; 
22 } 
Solution: 


line 5: missing * before right (Correction: add *) 
line 9: newNode() not defined (Correction: Define the newNode() function) 
line 11: missing semi-colon (Correction: add semi-colon) 


2 marks for each of the compile-time errors correctly found 

1 mark deduction for each error that is incorrectly found, but no penalty will be imposed 
if the student pointed out ‘int i = @' as compile-time error for C compilers without 
using C99. 


Question 11 [6 Marks] 


Write a C function called preamble() that takes two parameters: a string str and an int-type inte- 
ger n. The function will then return a new string that is dynamically allocated, and that contains 
at most the first n characters in the string str. For example, if str is "Toronto", and n is 3, then the 
function will return "Tor” (the first three characters in "Toronto”). If str is "Toronto” and n is 8, 
then the function will return "Toronto”. If str is NULL, the function will also return NULL. 
Solution: 


char xpreamble(char xstr, int n) { 
if (str == NULL) 
return NULL; 


char *newString = (char x) malloc((n + 1) * sizeof(char)); 


int i; 

for (i = ð; str[i] != '\0' & i < n; i++) { 
newStringLi] = str[il; 

} 


newString[i] = '\Q'; 
return newString; 


Alternative solution: 


char xpreamble(char xstr, int n) { 
if (str == NULL) 
return NULL; 


char *newString = (char x) malloc((n + 1) * sizeof(char)); 
strncpy(newString, str, n); 
return newString; 


1 mark for handling the case where str is NULL 

2 marks for correctly calling malloc() to dynamically allocate the string 
3 marks for copying str into the new string using either solution, 

and returning the new string 


(If the first solution is used, make sure that the string is null 
terminated. If not, deduct one mark.) 
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Question 12 [10 Marks] 
The constant E is defined as a double constant of 2.718281828459045. 


const double E = 2.718281828459045; 


A first positive integer is called a mirror of a second one if they both contain two digits, and when 
the two digits in the first integer are flipped, the first integer becomes the second one. For example, 
81 is a mirror of 18 (and vice versa). 


Implement a function called firstMirrorInE() that returns the first two-digit number found in 
consecutive digits of E whose mirror have appeared earlier in the sequence of digits. You should 
only consider the first 16 digits of E — 2718281828459045. The function returns @ if such a mirror 
pair does not exist in the first 16 consecutive digits of E. Your program must extract the digits from 
the constant variable E. 


Hint: The firstMirrorInE() function should return 28, since its mirror, 82, has appeared earlier 
in the sequence of digits. Your function must not simply return 28 without doing any work. It is 
also incorrect to return 81, because even though its mirror, 18, appeared previously, 81 is not the 
first in the sequence that can be found. 


Feel free to declare and implement additional functions when needed. 
Solution: 


bool mirror(int i, int j) { 
int firstDigit = i / 10; 
int secondDigit = i % 10; 
return j == secondDigit * 10 + firstDigit; 


J 


int firstMirrorInE(void) { 
const double E = 2.718281828459045; 
const int NumberOfDigits = 15; 
int count = Q; 
int twoDigitNumbers[17] = {0}; 


for (int i = ð; i >= -NumberOfDigits; i --) 
{ 


int p1 (int) (E / pow(10, i)) % 10; 
int p2 = (int) (E / pow(10, i - 1)) % 10; 


int p = pl * 10 + p2; 
for (int j = @; j < count; j ++) { 


if (mirror(twoDigitNumbers[j], p)) 
return p; 
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twoDigitNumbersLcount] = p; 
count++; 


} 


return Q; 


} 


Alternative solution: 


int firstMirrorInE (void) 


{ 
const double E = 2.718281828459045; 


int count = Q; 
int twoDigitNumbers[17] = {0}; 


double e = E; 
int p, currentDigit, previousDigit = -1; 


for (int i = 1; i <= 16; i++) 
{ 


currentDigit = (int) e; 


e = (e - (int) e) * 10; 
if (previousDigit != -1) 
{ 


p = currentDigit + previousDigit * 10; 


for (int j = @; j < count; j ++) { 
if (mirror(twoDigitNumbers[j], p)) 
return p; 


twoDigitNumbers[count] = p; 
count++; 
} 
previousDigit = currentDigit; 
T 


return ð; 


} 


4 marks: correctly implementing the code for finding that a number has a mirror 
that appeared previously 


5 marks: correctly extracting a consecutive two-digit 
number in E 
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3 marks: correctly loop through different consecutive 
two-digit numbers from left to the right of E 
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Question 13 [10 Marks] 


The following C structure is used to define each node in a linked list: 


typedef struct node { 
int data; 
struct node «Link; 
} Node; 


Write a C function called printDuplicates that receives a pointer to the first node (head) of a linked 
list as a parameter. The function should find and print the duplicate integers in the linked list. For 
example, if the linked list contains the integers 6, 3, 3, 6, 7, 4, then the printDuplicates() 
function should print: 


3 


Note: In your solution, you may assume that a given integer occurs at most twice in the linked list. 
Solution: 


void printDuplicates(Node xhead) { 
Node x*current = head; 


while (current != NULL) { 
Node *current2 = current -> link; 


while (current2 != NULL) { 
if (current -> data == current2 -> data) { 
printf("%d\n", current -> data); 


} 


current2 = current2 -> link; 


i 


current = current -> link; 


} 


void printDuplicates(Node xhead) { 
Node *xcurrent = head; // 1 mark 


// 1 mark for outer while loop for ‘current’ 
while (current != NULL) { 
// 2 marks for starting to look 
// for duplicates from the next node 
Node *current2 = current -> link; 


// 1 mark for while loop till the end of the list for '‘current2' 
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while (current2 != NULL) { 
// 2 marks for comparison and printing 
if (current -> data == current2 -> data) { 
printf("%d\n", current -> data); 
} 


// 1 mark for advancing the second link 'current2' 
current2 = current2 -> link; 

} 

// 1 mark for advancing ‘current’ 

current = current -> link; 
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Question 14 [10 Marks] 


Consider the following function that returns the index of a char c in a string string (ie., the 
position of the first c in the string), or returns -1 if c does not occur in string: 


int findIndex(char xstring, char c) { 
int n = ð; 
while («string != c && xstring != '\Q') { 
string = string + 1; 
++n; 


} 

if («string == '\0') 
return -1; 

return n; 


} 


Write a C function recursiveFindIndex(char *string, char c) that does not use any loops and 
yet behaves like the findIndex() function above. Your function may have additional parameters, 
but at the minimum must include the parameters string and c. 

Solution: 


int recursiveFindIndex(char «string, char c) { 
return recursiveFindIndexHelper(string, c, Q); 


int recursiveFindIndexHelper(char *xstring, char c, int n) { 
if («string == c) 
return n; 
else if (*string == '\@') /x* didn't find c in string x/ 
return -1; 
else { 
stringt+; 
nt++; 


return recursiveFindIndexHelper(string, c, n); 


} 


// © mark for calling the helper 
int recursiveFindIndex(char *string, char c) { 
return recursiveFindIndexHelper(string, c, Q); 


// 1 mark for remembering 'n' somehow in the parameters 

int recursiveFindIndexHelper(char string, char c, int n) { 
// 2 marks for comparison and return 
if («string == c) 
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return n; 
// 2 marks for handling the case that char 'c' is not found in the string 


else if («string == '\@') /x didn't find c in string */ 
return -1; 
else { 


string++; // 2 marks for advancing the current pointer in the string 
n++; // 1 mark for incrementing 'n' 
// 2 mark for making the recursive call and returning its return value 


return recursiveFindIndexHelper(string, c, n); 
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Question 15 [10 Marks] 


Write a C function called sortOddEven() that rearranges the order of the elements in an integer 
array such that all odd numbers are to the left of all even numbers. The function has two parame- 
ters: a pointer to the integer array and an integer specifying the number of elements in the array. 
The odd numbers can be in any order, as long as they are all to the left of any even number, and 
the even numbers can be in any order, as long as they are all to the right of any odd number. 


For example, if the elements of the array initially are: 

146 5 9 3 8 2 

then after sortOddEven() processes the array, the elements may become: 
1 3 9 56 4 8 2 


Note: In your solution, you may not declare or use another array. 
Solution: 


void sortOddEven(int input[], int size) { 
int left = 0, right = size - 1; 
while (left < right) { 
while (left < right && input[left] % 2 == 1) { 
left++; 
} 


while (left < right && input[right] % 2 == 0) { 
right--; 
} 


if (left < right) { 
int temp = input[left]; 
input[left] = inputLright]; 
inputLright] = temp; 
} 
} 
} 


Marking: 


void sortOddEven(int input[], int size) { 
int left = 0, right = size - 1; // 1 mark 


// 1 mark 
while (left < right) { 
// 3 marks 
while (left < right && input[Lleft] % 2 == 1) { 
leftt++; 
} 


// 3 marks 
while (left < right && input[right] % 2 == 0) { 
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right--; 
} 


// 2 marks 

if (left < right) { 
int temp = input[left]; 
input[left] = input[right]; 
inputCLright] = temp; 

} 
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Question 16 [10 Marks] 


The following C structure is used to define each node in a binary search tree: 


typedef struct node { 
int data; 
struct node *left; 
struct node «right; 
} Node; 


Write a C function: 
Node xsecondLargestNode(Node root); 


that finds and returns a pointer to the node that contains the second largest value in the binary 
search tree. The parameter root is a pointer to the root node of a binary search tree. If the binary 
search tree is empty or has one node only, the function returns NULL. For example, if the function 
is called with root pointing to the binary search tree on page 7, it will return a pointer to the node 
that contains 6. 

Solution: 


Node xsecondLargestNode(Node *root) { 
Node current = root; 
Node *xparent = NULL; 


// Returning NULL when the tree is empty or contains only one node 

if (root == NULL || (root -> left == NULL && root -> right == NULL)) { 
return NULL; 

J 


// Find the largest node first 
while (current -> right != NULL) { 
parent = current; 
current = current -> right; 


} 


// Now current points to the largest node 
// Does the largest node has a left subtree? 
if (current -> left == NULL) { 
return parent; 
} else { 
// Look for the largest node in the left subtree 
current = current -> left; 
while (current -> right != NULL) { 
current = current -> right; 
} 


return current; 
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Marking: 


Node xsecondLargestNode(Node *root) { 
Node *current = root; 
Node *parent = NULL; 


// Returning NULL when the tree is empty or contains only one node, 2 marks 

if (root == NULL || (root -> left == NULL && root -> right == NULL)) { 
return NULL; 

} 


// Find the largest node first, 3 marks 
while (current -> right != NULL) { 
parent = current; 
current = current -> right; 


} 


// Now current points to the largest node 
// Does the largest node has a left subtree? 
// Process this case: 2 marks 
if (current -> left == NULL) { 
return parent; 
} else { 
// Look for the largest node in the left subtree 
// Process this case: 3 marks 
current = current -> left; 
while (current -> right != NULL) { 
current = current -> right; 
} 


return current; 
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Question 1 [4 Marks] 


In a single C statement create a data structure called AnimalSizes having two elements, a string 
name and a size length. This same statement should create an array of this type called snakes with 
two entries. 


Initialize each entry such that the first index has name "Anaconda" and length 3.7, while the second 
index has the name "Python” and length 2.4. You may do this in the same statement or using 
additional statements. 


Write your solution in the box below. 


Question 2 [4 Marks] 


Write a single C statement that declares a boolean type variable named inputIsBefore that assigns 
true to inputIsBefore if and only if the string inputArtist (of type char *) comes before the 
string artist in lexicographical order. You may assume that string.h and stdbool.h have been 
#include’d in the code. 


Question 3 [4 Marks] 


The following array of integers is the result of the first round of partitioning, used in the Quicksort 
algorithm to sort the array in ascending order. Identify the possible array element or elements that 
could have been used as the pivot in the first partitioning round. Justify your answer; guessing an 
answer with no justifications will result in a mark of zero. 


{15, 6, 45, 60, 32, 71, 102, 81} 


Question 4 [4 Marks] 


Consider the following code segment, assuming that jVar is an int array: 
int i; 


for (i = @; i < MAX; i++) { 
if (jVar[i] < 3) { 
printf("X\n"); 
} 
} 


(a) Rewrite this code segment as a while(...) {...} loop; 


(b) Rewrite this code segment as a do {...} while (...) loop. 


Note that each of your solution code must perform exactly as the code provided. 


Question 5 [4 Marks] 


We have a number of TAs who have carefully marked a large number of final exams and now 
must sort them alphabetically. 


[PLEASE NOTE that this question is not worth many marks, so answer with a phrase! Do not 
spend time elaborating. ] 


(a) Here are some sorting methods you know about. Which ones would work well, and which 
not well to allow the TAs to most quickly sort the exams? Why or why not would the 
particular method work well or not? 


Method OK? | Reason 
Selection sort 


Bubble sort 


Insertion sort 


Quicksort 


(b) What may be a better sorting method than any of the methods above under these circum- 
stances? 


Question 6 [5 Marks] 


Consider the following code: 


int main(void) { 
int i = 17; 
int myArrayl] = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}; 
double j = 5.4; 


for (int i = 4; i > 2; i--) { 
myArrayL1] = myArray[1] + 1; 

} 

for (int bb = 7; bb < 10; bb++) { 
myArrayLbb] = myArray[bb] - 1; 
bb++; 

} 


for (int k = 2; k < 5; k += 3) { 
myArrayLk] = 4.73; 
} 


double x = (int) ((int) j + (3.78 + 9)); 


// here 
} 


At the location marked here, what are the values of variables (or array elements) in the table 
below? Please show all non-zero decimal places; if the variable cannot be used, enter unavailable. 


Variable Value 
i 


J 


k 


X 


myArrayLQ] 


myArrayL1] 


myArrayL2] 


myArrayL3] 


myArrayL4] 


myArrayL5] 


Question 7 [6 Marks] 


Y4 
2 


a(x,y) 


1 R 
es > 


0 1 2 x 


In various engineering applications, it is required to convert Polar to 
Cartesian coordinates. The polar coordinates (R, 0) and rectangular co- 
ordinates (x, y) are related as follows: 


x = Rcos(@) and y = Rsin(6) 


Complete the code below, which defines the data structures and a func- 
tion that takes polar coordinates of a point and return the rectangular 
coordinates. The angle is assumed to be in radians. Assuming the val- 
ues passed to this function is in degrees, you need to convert the radian 
value using the constant D2R below. 


#include <math.h> 
const double D2R = 3.1415926535 / 180.0; 


// rectangular coordinate structure 
typedef struct rectV { 


// polar coordinate structure 
typedef struct polarC { // angle in radians 


// polar to rectangular 
RectCoor polToRec (PolarCoor polin) { 


return rv; 


Question 8 [8 Marks] 


As you might remember from the midterm: In a Pascal’s Triangle, the first row, row #0, has a single 
element 1. Each succeeding row elements are the sum of the two elements just above (if there is 
only one number just above, then that number is duplicated). So the first 5 rows (numbering from 
zero) are: 


Looking at the last row, row #4, we have sums: 0 + 1,1 + 3,3 + 3,3 + 1,1 + 0 (getting the values 
from the row above) to give us 1, 4, 6, 4, 1. 
A way of calculating the row elements of a Pascals Triangle is that element r in a row (numbering 


elements and rows from 0) is 
! 
n: 


(1) 


Where n! is n factorial, i.e., n! = n x (n — 1) x (n- 2) x... x 1. (0! Is defined as 1.) Write a 
function that calculates the factorial then use it to find the elements of row #7 (counting from 0) of 
the Pascals Triangle in your main function. Use the following program outline: 


int factorial(int n) { // returns n! 


return result; 


int main(void) { 
int const RowDesired = 8; //counts from 1 
int pascalRow[8]; //hint: row #n has n+1 elements 


Please continue your solution to Question on this page: 


Question 9 [8 Marks] 


Write a function, countLetters, that counts the number occurrences of each alphabetical letter 
found in a string. The function has two parameters: a string (i.e., char *) and an array of integers. 


The string should not be modified and can be any length. You may assume that the string is null- 
terminated and all letters are lower case. The string may contain characters that are not part of the 
alphabet (e.g., 0, 1, !, &, etc). The integer array has a size of 26, one for each letter in the alphabet. 
The first index corresponds to the letter ’ a’, the second index to the letter ’b’, and so on. You may 
assume that, initially, all 26 elements in the array have a value of zero. 


You must abide by the following constraints. Failure to meet a constraint will result in a grade of 
zero for this question. 


1. You cannot modify the characters inside the string. 
2. You cannot create any other data structures (e.g., array, linked list, etc). 
3. Your function must only access valid indices of the array. 


4. You cannot call any functions in your implementation. 


An example of one run of the program is below. You only need to implement the countLetters 
function. Assume a main function (that reads in a string, calls your function, and outputs the 
integer array) already exists. 


Enter a sentence: hello, world 
The frequency that each lower case letter appears is: 


r e E o E FTO 
e |= pH Ww = = 
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int countLetters(char xs, int countL[]) { 
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Question 10 [9 Marks] 


Consider the binary search tree below: 


The lowest common ancestor, LCA, of two nodes p and q is either one of the two nodes having the 
other as a descendant, or the lowest node in the tree that has both p and q as descendants. 
For example, in the binary search tree above: 


e The LCA of nodes 5 and 28 is 22. 
e The LCA of nodes 7 and 30 is 29. 
e The LCA of nodes 35 and 61 is 35. 


e The LCA of nodes 30 and 41 is 35. 
Complete the recursive helper function, with the prototype given on the next page, which takes 
the tree root and two values of node data, and returns the LCA (a node) of the given nodes. 
Assume that the two int values provided always exist in the tree. 


Assume that the binary search tree is designed as follows: 


typedef struct node { 

int data; 

struct node *left, *right; 
} Node; 


typedef struct bstree { 
Node xroot; 
} BSTree; 


The main function, 1ca(), uses an auxiliary helper function to perform the task; this helper func- 
tion is called inside the 1ca function: 
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Node * lca(BSTree *tree, int na, int nb) { 


return lcaHelper(tree->root, na, nb); 


Node * lcaHelper(Node x p, int na, int nb) { 
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Question 11 [10 Marks] 


In general, the bubble sort algorithm can be explained in two steps. 


1. For each pair of adjacent elements: if they are out-of-order, then swap. 


2. Repeat the first step until no swaps are done. 


Write a function, bubbleSortLinkedList, that sorts a linked list using the bubble sort algorithm. 
The function has one parameter: a pointer to a LinkedList (assume that this pointer is not NULL). 
The function will modify the linked list in-place so that the values are in ascending order (ie., 1 
comes before 2). The definitions for a LinkedList and Node are shown below. 


You must abide by the following constraints. Failure to meet a constraint will result in a grade of 
zero for this question. 


1. Your function must not modify the next pointer of any node. 
2. You cannot create any other data structures (e.g., an array, another linked list, etc.). 
3. Your function cannot call any other functions. 


4. Your function must not cause a segmentation fault. 


Definitions of Node, LinkedList: 


typedef struct node { 
int data; 
struct node *next; 
} Node; 


typedef struct linkedList { 


Node xhead; 
} LinkedList; 


Implement the function on the next page. Do any drawing here: 
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void bubbleSortLinkedList(LinkedList xlist) { 
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Question 12 [8 Marks] 


Complete a recursive helper function and a main calling function to scan an existing binary search 
tree and create a new tree with only the even values from the first tree. You can use the functions 
developed in class, including: 


void initBSTree(BSTree *tree) ; 
bool insert(BSTree «tree, int value); 


You may assume that the following data structure types have been defined: 
typedef struct node { 
int data; 
struct node «left, right; 
} Node; 
typedef struct bstree { 


Node xroot; 
} BSTree; 


Node *xtreeWithEvens(BSTree xinputTree) { 
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bool evensHelper(Node xcurrent, BSTree *xevenTree) { 
// helper function: check this node and connected nodes using a recursive call, 
// placing even values in the new tree 
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Question 13 [13 Marks] 


Complete the definition of a C function permutate, whose prototype is shown below, that prints 
all permutations of the string str. For example, if the string passed to this function is defined as: 


”, 


char str[] = "abc"; 
A call to permutate(str) will print: 


abc 
acb 
bac 
bca 
cba 
cab 


You must use recursion to solve this problem!. 
Hint: You may wish to define a helper function, and you may also find the swap() function defined 


below useful: 


void swap(char xa, char *b) { 
char temp = xa; 
xa = xb; 
xb = temp; 


void permutate(char xstr) { 


lIn fact, a non-recursive implementation would be more challenging. 
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—continue your work here —- 
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Question 14 [13 Marks] 


You are given an array of strings, char *inStrings[]. Complete the function char xalignText (char 
inStrings[], int lineLength) where the input is a ”period terminated” array of strings and 
the output a pointer to a new string with newlines inserted so that no output line will exceed 
lineLength. 


As an example, if the array holds: 


” n 


”This”, ” is”, ” my”, example”, ” for”, ” the”, ” exam”, ” question”, 


non 


and the line length given is 15, the output string should be: 
"This is my\n example for\n the exam\n question. \n" 


Note the "." terminator in the input strings. It will always appear exactly this way. You can assume 
the input array of strings always has this terminator. Do not worry about handling words longer 
than lineLength. 


You should allocate room for the new string that is large enough to accommodate the string. (Small 
over-allocations of space are allowed if it makes it easier for you). You may use the functions from 
string.h 


#include <stdio.h> 
#include <stdlib.h> 
#include <string.h> 


char xalignText(char xinStrings[], int lineLength){ 


char xoutString; //assemble the string here 
int charcount = @; //counts number of characters 
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Question 1 [4 Marks] 

In a single C statement create a data structure called AnimalSizes having two elements, a string 
name and a size length. This same statement should create an array of this type called snakes with 
two entries. 

Initialize each entry such that the first index has name "Anaconda" and length 3.7, while the second 
index has the name "Python” and length 2.4. You may do this in the same statement or using 
additional statements. 


Write your solution in the box below. 


struct AnimalSizes 
{ 
char xname; 
double length; 
} snakes[] = {{”anaconda”, 3.7}, {"python", 2.4}}; 


Question 2 [4 Marks] 

Write a single C statement that declares a boolean type variable named inputIsBefore that assigns 
true to inputIsBefore if and only if the string inputArtist (of type char *) comes before the 
string artist in lexicographical order. You may assume that string.h and stdbool.h have been 
#include’d in the code. 


bool inputIsBefore = strcmp(inputArtist, artist) < 0; \\or 
bool inputIsBefore = strcmp(artist, inputArtist) > Q; 


Question 3 [4 Marks] 


The following array of integers is the result of the first round of partitioning, used in the Quicksort 
algorithm to sort the array in ascending order. Identify the possible array element or elements that 
could have been used as the pivot in the first partitioning round. Justify your answer; guessing an 
answer with no justifications will result in a mark of zero. 


{15, 6, 45, 60, 32, 71, 102, 81} 


the answer is 71, as it is now in its final location; on the right, all numbers are greater than 71; and 
on the left, all are less than 71. 


Question 4 [4 Marks] 
Consider the following code segment, assuming that jVar is an int array: 
int i; 
for (i = @; i < MAX; i++) { 
if (jVar[i] < 3) { 
printf("X\n"); 


} 
} 


(a) Rewrite this code segment as a while(...) {...} loop; 


(b) Rewrite this code segment as a do {...} while (...) loop. 


Note that each of your solution code must perform exactly as the code provided. 


a) int i = ð; 
while (i < MAX) { 
if (jVarLit+] < 3) 
printf("X\n"); 


a) int i = ð; 
do { 
if (i < MAX && jVar[it++] < 3) 
printf("X\n"); 
} while (i < MAX); 


Question 5 [4 Marks] 


We have a number of TAs who have carefully marked a large number of final exams and now 
must sort them alphabetically. 


[PLEASE NOTE that this question is not worth many marks, so answer with a phrase! Do not 
spend time elaborating. ] 


(a) Here are some sorting methods you know about. Which ones would work well, and which 
not well to allow the TAs to most quickly sort the exams? Why or why not would the 
particular method work well or not? 


Solution: 


Alternate negative reasons: Requires constant coordination of TAs to keep track of where 
the sort is. Many duplicate comparisons required. 


| Method OKJ Reason 

| Selection sort | no | each sort needs results from last 

| Bubble sort no | each sort needs results from last 

| Insertion sort | no | each sort needs results from last 

| Quicksort yes | each TA can work on groups of exams 


(b) What may be a better sorting method? 
Each TA takes a stack of exams and sorts into alphabetic piles which are then sorted. 


Question 6 [5 Marks] 


Consider the following code: 


int main(void) { 
int i = 17; 
int myArray[] = {1, 2, 3, 4, 5, 6, 7, 8, 9, 10}; 
double j = 5.4; 


for (int i = 4; i > 2; i--) { 
myArrayL1] = myArrayLl1] + 1; 


} 

for (int bb = 7; bb < 10; bbt+) { 
myArrayLbb] = myArrayL[bb] - 1; 
bb++; 

} 


for (int k = 2; k< 5; k += 3) { 
myArrayLk] = 4.73; 
} 


double x = (int) ((int) j + (3.78 + 9)); 


// here 
} 


At the location marked here, what are the values of variables (or array elements) in the table 
below? Please show all non-zero decimal places; if the variable cannot be used, enter unavailable. 
Solution: 


Varia ble Value 

j 54 

k unavailable 
Xx 17.0 
myArray|[0] 1 
myArray|1] 4 
myArray|[2] 4 
myArray|3] 4 
myArray|4] 5 
myArray[5] 6 


Question 7 [6 Marks] 


N 


a(x,y) 


In various engineering applications, it is required to convert Polar to 
Cartesian coordinates. The polar coordinates (R, 0) and rectangular co- 
ordinates (x, y) are related as follows: 


x = Rcos(@) and y = Rsin(0) 


Complete the code below, which defines the data structures and a func- 
tion that takes polar coordinates of a point and return the rectangular 
coordinates. The angle is assumed to be in radians. Assuming the val- 
ues passed to this function is in degrees, you need to convert the radian 
value using the constant D2R below. 


#include <math.h> 
const double D2R = 3.1415926535 / 180.0; 


// rectangular coordinate structure 
typedef struct rectV { 

double x; 

double y; 
} RectCoor; 


// polar coordinate structure 
typedef struct polarC { // angle in radians 
double theta; 


double r; 
} PolarCoor; 


// polar to rectangular 

RectCoor ploToRec (PolarCoor polin) { 
RectCoor rv; 
rv.x = polin.r * cos(polin.theta * D2R); 
rv.y = polin.r * sin(polin.theta * D2R); 
return rv; 


Question 8 [8 Marks] 


As you might remember from the midterm: In a Pascal’s Triangle, the first row, row #0, has a single 
element 1. Each succeeding row elements are the sum of the two elements just above (if there is 
only one number just above, then that number is duplicated). So the first 5 rows (numbering from 
zero) are: 


Looking at the last row, row #4, we have sums: 0 + 1,1 + 3,3 + 3,3 + 1,1 + 0 (getting the values 
from the row above) to give us 1, 4, 6, 4, 1. 
A way of calculating the row elements of a Pascals Triangle is that element r in a row (numbering 


elements and rows from 0) is 
! 
n: 


———. 1 
ri(n—r)! (1) 
Where n! is n factorial, i.e., n! = n x (n — 1) x (n — 2) x... x 1. (0! Is defined as 1.) Write a 
function that calculates the factorial then use it to find the elements of row #7 (counting from 0) of 
the Pascals Triangle in your main function. Use the following program outline: 


int factorial(int n) { // returns n! 


return result; 


int main(void) { 
int const RowDesired = 8; //counts from 1 
int pascalRow[8]; //hint: row #n has n+1 elements 


Solution: 


int factorial(int n) { 
int result=1; 
for(int i=n;i>0;i--) 
result = result * i; 


return result; 
} 
int main(void) { 
int const RowDesired = 8; 
int pascalRow[8] = {1,0,0,0,0,0,0,0}; //hint: the nth row has n elements 


for(int j = 0; j < RowDesired; j++) 


pascalRowLj ]=factorial(RowDesired-1)/(factorial(j)*factorial(RowDesired-1-j)); 
return Q; 
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Question 9 [8 Marks] 
Write a function, countLetters, that counts the number occurrences of each alphabetical letter 


found in a string. The function has two parameters: a string (i.e., char *) and an array of integers. 


The string should not be modified and can be any length. You may assume that the string is null- 
terminated and all letters are lower case. The string may contain characters that are not part of the 
alphabet (e.g., 0, 1, !, &, etc). The integer array has a size of 26, one for each letter in the alphabet. 
The first index corresponds to the letter ’ a’, the second index to the letter ’b’, and so on. You may 
assume that, initially, all 26 elements in the array have a value of zero. 


You must abide by the following constraints. Failure to meet a constraint will result in a grade of 
zero for this question. 


1. You cannot modify the characters inside the string. 
2. You cannot create any other data structures (e.g., array, linked list, etc). 
3. Your function must only access valid indices of the array. 


4. You cannot call any functions in your implementation. 


An example of one run of the program is below. You only need to implement the countLetters 
function. Assume a main function (that reads in a string, calls your function, and outputs the 
integer array) already exists. 


Enter a sentence: hello, world 
The frequency that each lower case letter appears is: 


e ae: E o E FTO 
|] |= E E Ww = = 


Solution: 


void countLetters(char xs, int count[]) { 
while(xs != '\Q') { 
int index = xs - ‘a'; 


if(index >= @ && index < 26) { 
countLindex]++; 
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Question 10 [9 Marks] 


Consider the binary search tree below: 


The lowest common ancestor, LCA, of two nodes p and q is either one of the two nodes having the 
other as a descendant, or the lowest node in the tree that has both p and q as descendants. 
For example, in the binary search tree above: 


e The LCA of nodes 5 and 28 is 22. 
e The LCA of nodes 7 and 30 is 29. 
e The LCA of nodes 35 and 61 is 35. 


e The LCA of nodes 30 and 41 is 35. 
Complete the recursive helper function, with the prototype given on the next page, which takes 
the tree root and two values of node data, and returns the LCA (a node) of the given nodes. 
Assume that the two int values provided always exist in the tree. 


Assume that the binary search tree is designed as follows: 


typedef struct node { 

int data; 

struct node *left, *right; 
} Node; 


typedef struct bstree { 
Node xroot; 
} BSTree; 


The main function, 1ca(), uses an auxiliary helper function to perform the task; this helper func- 
tion is called inside the 1ca function: 
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Node * lca(BSTree *tree, int na, int nb) { 


return lcaHelper(tree->root, na, nb); 


} 


[frame] 
Node » lcaHelper(Node *p, int na, int nb) { 
if (p == NULL) 
return NULL; 


if (p->data > na && p->data > nb) 
return lcaHelper(p->left, na, nb); 


if (p->data < na && p->data < nb) 
return lcaHelper(p->right, na, nb); 


return p; 
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Question 11 [10 Marks] 


In general, the bubble sort algorithm can be explained in two steps. 


1. For each pair of adjacent elements: if they are out-of-order, then swap. 


2. Repeat the first step until no swaps are done. 


Write a function, bubbleSortLinkedList, that sorts a linked list using the bubble sort algorithm. 
The function has one parameter: a pointer to a LinkedList (assume that this pointer is not NULL). 
The function will modify the linked list in-place so that the values are in ascending order (ie., 1 
comes before 2). The definitions for a LinkedList and Node are shown below. 


You must abide by the following constraints. Failure to meet a constraint will result in a grade of 
zero for this question. 


1. Your function must not modify the next pointer of any node. 
2. You cannot create any other data structures (e.g., an array, another linked list, etc.). 
3. Your function cannot call any other functions. 


4. Your function must not cause a segmentation fault. 


Definitions of Node, LinkedList: 


typedef struct node { 
int data; 
struct node *next; 
} Node; 


typedef struct linkedList { 


Node xhead; 
} LinkedList; 


Implement the function on the next page. Do any drawing here: 
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Solution: 


void bubbleSortLinkedList(LinkedList xlist) { 
int numSwaps; 


do { 
numSwaps = Q; 


Node *first = list->head; 
while(first != NULL) { 
Node xsecond = first->next; 


if(second != NULL && first->data > second->data) 
int temp = first->data; 
first->data = second->data; 
second->data = temp; 


numSwaps++; 


} 


first = second; 


} 
} while(numSwaps > Q); 


J 
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Question 12 [8 Marks] 


Complete a recursive helper function and a main calling function to scan an existing binary search 
tree and create a new tree with only the even values from the first tree. You can use the functions 
developed in class, including: 


void initBSTree(BSTree *tree) ; 
bool insert(BSTree «tree, int value); 


You may assume that the following data structure types have been defined: 


typedef struct node { 

int data; 

struct node «left, right; 
} Node; 


typedef struct bstree { 
Node xroot; 
} BSTree; 


Solution: 


bool evensHelper(Node *current,BSTree *xevenTree) { 
if(current == NULL) return; //done this link 
if(current->data % 2 == @) // is even] 
insert (evenTree, current->data) ; 
evensHelper(current->left,evenTree) ; 
evensHelper (current->right, evenTree) ; 


Node *xtreeWithEvens(BSTree xinputTree){ 
BSTree newTree; 
initBSTree(&newTree) ; 
if(isEmpty(inputTree)) return newTree. root; 
evensHelper (inputTree->root, &newTree) ; 
return newlree.root; 


// check this node and connected nodes using a recursive call; put even values in the new tree 
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Question 13 [13 Marks] 


Complete the definition of a C function permutate, whose prototype is shown below, that prints 
all permutations of the string str. For example, if the string passed to this function is defined as: 


”, 


char str[] = "abc"; 
A call to permutate(str) will print: 


abc 
acb 
bac 
bca 
cba 
cab 


You must use recursion to solve this problem!. 
Hint: You may wish to define a helper function, and you may also find the swap() function defined 


below useful: 


void swap(char xa, char *b) { 
char temp = xa; 


xa = xb; 
xb = temp; 
} 
Solution: 


void permutateHelper(char xstr, int low, int high) { 

if (low == high) { 
printf("%s\n", str); 

} 

else { 

for (int i = low; i <= high; i++) { 

swap(str + low, str + i); 
permutateHelper(str, low + 1, high); 
swap(str + low, str + i); 


} 


void permutate(char xstr) { 
permutateHelper(str, @, strlen(str) - 1); 


lIn fact, a non-recursive implementation would be more challenging. 
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Question 14 [13 Marks] 


You are given an array of strings, char *inStrings[]. Complete the function char xalignText (char 
inStrings[], int lineLength) where the input is a ”period terminated” array of strings and 
the output a pointer to a new string with newlines inserted so that no output line will exceed 
lineLength. 


As an example, if the array holds: 


” n 


”This”, ” is”, ” my”, example”, ” for”, ” the”, ” exam”, ” question”, 


non 


and the line length given is 15, the output string should be: 
"This is my\n example for\n the exam\n question. \n" 


Note the "." terminator in the input strings. It will always appear exactly this way. You can assume 
the input array of strings always has this terminator. Do not worry about handling words longer 
than lineLength. 


You should allocate room for the new string that is large enough to accommodate the string. (Small 
over-allocations of space are allowed if it makes it easier for you). You may use the functions from 
string.h 


Solution: 
char xalignText(char xinStrings[], int lineLength){ 


char xoutString; //assemble the string here 
int charcount = 0; //counts number of characters 


int i = Q; 


while (stremp(inStringsLi], ”.”) != 0) { 
charcount += strlen(inStrings[i++]) ; 


//room for "\n" on each line, and ”.\n” and terminating NULL 
charcount += (charcount / lineLength) + 4; 

outString = (char x) malloc(charcount * sizeof (char)); 
outStringl@] = @; //start with null string 


i = @; 
charcount = Q; 
do { 
if (charcount + strlen(inStrings[i]) > lineLength) { 
charcount = Q; 
outString = strcat(outString,”\n"); 
} 


strcat(outString, inStrings[i]); 
charcount += strlen(inStringsLi]); 
} while (strcemp(inStrings[i++], ”.”) != 0); 
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strcat(outString, "\n”); // optional 
return outString; 
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Question 1 [1 Marks] 


Please answer this question by filling in your name below to verify that you will not cheat. Note 
that we will be using a code checker (as we did for the labs), monitoring online, reading emails 
from students that report cheating behaviour from others, and using other methods to protect our 
students who are writing this exam in good faith. 


Marks will be withheld from those students who do not get 1/1 on this question while we conduct 
a further investigation. 


I, , pledge upon my honour that I will not violate our Faculty’s Code 
of Behaviour on Academic Matters during this assessment by acting in any way that would consti- 
tute cheating, misrepresentation, or unfairness, including but not limited to, using unauthorized 
aids and assistance, impersonating another person, and committing plagiarism AND will not vi- 
olate the Code of Behaviour on Academic Matters by providing unauthorized aids and assistance 
or impersonating another person since doing so is also considered a serious academic offence. 


Question 2 [8 Marks] 


Short Answer Questions 
Submit these answers through an image or a PDF document, with question numbers and answers on it. 


Question 2(a) (2 marks) 


You have an array of string pointers, pInstrings[10], which must be pointed to input strings of 
unknown length from a user. The function getInstring() returns a pointer to the string, which 
you must copy into dynamically-allocated memory. Complete the for loop in the code segment 
below, which calls getInstring() and copies the returned string to a new memory location. As- 
sume that the string returned by getInstring() will persist until the next call to getInstring(). 


for(int i = ð; i < 10; i++) { 
// put code here to call getInstring(), copy returned string to 
// dynamically-allocated space, then assign the address to pInstringLi] 


Question 2(b) (2 marks) 


int q[7] = {@, 3, 6, 9, 12, 15, 18}; 
int xb = &q[3]; 
int **xa = &b; 


What is *(&(**a)+2)? 


(If it is an integer, specify the integer; if it is a pointer, specify what it points to; if it is an address, 
specify what is at that address.) 


Question 2(c) (2 marks) 


We want to count the number of the small letter 'e' that appear in a string. This program does not 
work for several reasons. Correct all the mistakes in this C program so it works correctly. Assume 
that the string library is available. 


void counte(string *instr) { 
for (int i = 1; i < strlen(instr); i++) { 
if (instr[i] = 'e') int count++; 


return count; 


Question 2(d) (2 marks) 


A user writes as part of a program: 


mammal tiger; 
tiger.numFeet = 4; 


Write a structure definition and any other statements that could be in place to make this compile 
correctly. You do not have to specify any include statements that include header files. 


Question 3 [4 Marks] 
Multiple Choice Questions 


Submit these answers through an image or a PDF document, with question numbers and answers on it. 


Question 3(a) (1 mark) 


Assume that a binary search tree generated for the input sequence -33, 45, -19, 2234, -1100 is 
traversed in left subtree, right subtree, root order, and that the data is printed at each node. What 
is the sequence of numbers that would be produced? 


(a) -1100 -33 -19 45 2234 
(b) -33 45 -19 2234 -1100 
(c) -1100 -19 2234 45 -33 
(d) -33 -1100 45 -19 2234 


(e) 2234 45 -19 -33 -1100 


Question 3(b) (2 marks) 


For which sorting method(s) studied in class are both of the following statements true? 
1. After N passes, exactly N values are known to be in their final positions. 


2. A total of exactly N-1 passes is required to complete the sort of N items. 


(a) Bubble and insertion sort 
(b) Bubble sort only 

(c) Selection sort only 

(d) Insertion and selection sort 


(e) Bubble and selection sort 


Question 3(c) (1 mark) 


The following function is intended to define a recursive insertion sort algorithm that sorts the 
array A into ascending order. The recursive call is missing. 


void insertionSort(int list[], int size) { 
int i; 
if (size <= 1) { 
return; 


} 


/xxkxkx missing line **x*xxx/ 


for (i = size - 1; i; --i) { 
if (listLi] < list[i - 1]) { 
swap(&listLli], &list[i - 1]); 
} else { 
break; 


} 


What should replace the missing line so that the algorithm is correct? 


(a) insertionSort(list + 1, size - 1); 


(b 


insertionSort(list, size); 


(d 


) 
) 

(c) insertionSort(list + 1, size); 
) insertionSort(list, size - 1); 
) 


(e) The recursive call should appear after the for loop 


Question 4 [8 Marks] 


Submit a .c code file with your solution, and optionally a file of your planning material (image or PDF). 


For artificial intelligence (AI) that uses recently developed “neural network” techniques, layers of 
“neurons” pass their values, weighted by multipliers, into the next layers. Finding those weights 
is, of course, the more difficult and computationally intensive part, but once you have them the 
use is relatively simple array multiplication. 


Here we will work with two layers to do the last stages and to compute values for the output. 
For example, the output could be the likelihood that the inputs are from the picture of one of four 
animals: dog, cat, pig, beaver. This net will “recognize” which of these it is by choosing the output 
Here is a diagram that represents what we are doing: 


of highest value. 
| l 


inArray. 1x6 outArray. 1x4 


You will generate the function to perform the operation shown starting with the code below 
that includes the W1 and W2 weight arrays and that takes an input array. The input is one- 
dimensional, size 6. W1 and W2 are two-dimensional: W1 is 6 by 7. W2 is 7 by 4. The output is 
one-dimensional and of size 4. 


Note: To multiply a Nx1 array A, by an MxN array B, to get an Mx1 array C: 


CLO] 
C1] 


ACO] * B[@,@] + AL1] * BL@,1] + AL2] * B[0,2] + ... + A[N-1] * BL[@,N-1] 
ACO] * B[1,0] + AL1] * BL1,1] + AL2] * B[1,2] + ... + A[N-1] * B[1,N-1] 


CLM-1] = ACO] * BLM-1, ©] + AL1] * BLM-1, 1] + AL2] * BLM-1, 2]+ ... + ALN-1] * BLM-1, N-1] 


Here is 


the function to finish: 


#include <stdio.h> 


// this 
// puts 


function uses a one-dimensional input array of size 6, and 
values into the one-dimensional output array of size 4 


void performAI (double *inArray, double xoutArray) { 
// these are the weighting arrays as in the diagram 


double w1[6][7] = { 


{0. 
{0. 
{0. 
{0. 
{0. 
{0. 


795279571, @.565454091, 0.569392801, @.649519912, 0.311228459, @.869033219, 0.963890145}, 
261182548, 0.967901447, 0.015463096, @.101966965, 0.454071297, @.396147575, 0.853833996}, 
976180547, ©. 762522649, 0.223067359, 0.120228416, @.710471648, 0.220771538, @.052876278}, 
173285965, @.795507616, 0.258332188, @.813302777, 0.528470338, @.885245811, 0.190564347}, 
14018923, @.324797853, 0.012649753, 0.928367252, 0.048519668, 0.321836138, ©. 360198988}, 
063248883, 0.72395506, 0.606492812, 0.435057638, 0.462896967, 0.12061378, 0.28806367}}; 


double w2[7][4] = 


{0.036340161, 0.702081192, 
{0.786459022, 0.627286192, 


{ 

Q 406643568, 0.383400727}, 
Q 

{0.996272492, @.115783107, 

Q 

Q 

Q 

Q 


Q 
@.190417846, 0.259622675}, 
@.922042574, 0.805576672}, 
{0.254649714, 0.818737484, 0.23760355, 0.884876231}, 
{0. 587934606, Q 
{0. 709219708, Q 
o 


{0. 743663242, 


566762923, @.254228386, 0.735145224}, 
815306359, 0.395073347, 0.191438772}, 
969784133, @.055612809, 0.992284824}}; 


// write your code here 


}; 


Here is an example use of the function. Do NOT include the main() function in your submitted file: 


double inData[] = {10, 11, 14, 51, 22, 24}; 
double outData[4]; 


performAI(inData, outData); 


Question 5 [8 Marks] 


Submit a .c code file with your solution, and optionally a file of your planning material (image or PDF). 


An integer with the type unsigned int has 32 bits, and stores values from 0 to 2°? — 1. Write a 
function unsigned int generateInt(int list[], int size), that takes a list of distinct integers 
valued from 0 to 31 as its first parameter, and the size of such a list as its second parameter, and 
returns an integer with the corresponding bits set as 1. 


For example, if the input list is the array [0, 3, 4, 9] witha size of 4, the function will return 
1000011001 in binary (base-2) form, as bit 0, bit 3, bit 4, and bit 9 (counting from the least significant 
bit on the right) are set to 1. The following main() function will print result = 219 as the result 
1000011001 is printed in hexadecimal form by using the format specifier %x: 


int main(void) { 
int list[] = {0, 3, 4, 9}; 


unsigned int result = generateInt(list, 4); 


printf("result = %x\n", result); 
return ð; 


unsigned int generateInt(int list[], int size) { 
// write your code here 


Question 6 [14 Marks] 


Submit a .c code file with your solution, and optionally a file of your planning material (image or PDF). 


You are asked to implement a function void convert(char *input, char xoutput, int lineLength) 
to convert the long string input to a string to be placed in the character buffer output, so that each 
line contains as many words as possible, but is no longer than lineLength characters. The newline 
character, '\n', is used to separate the lines, and the convert() function should insert or remove 
newline characters where needed. The result of this conversion should not end a line or start a 
new line with a blank space (' '). 


You may assume that the output buffer output has sufficient space for the string after conversion, 
and that no single word in the input string is longer than lineLength. 


For example, if we use the following main() function: 


int main(void) { 
char *input = 
"I'd like to believe that this works just fine.\nBut then again it might not.\n”; 
char output[2048]; 


convert(input, output, 15); 
printf("%s\n", output); 


// Making all spaces visible by replacing them with 'X' 
for(int i = ð; i < strlen(output); i++) { 


if (output[i] == ' ') { 
outputLi] = 'X'; 
} 
} 
printf("%s\n", output); 
return Q; 


It will produce the following result: 


I'd like to 
believe that 
this works just 
fine. 


But then again 
it might not. 


I'dXlikeXto 
believeXthat 
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thisXworksXjust 
fine. 


ButXthenXagain 
itXmightXnot. 


void convert(char *input, char xoutput, int lineLength) { 
// write your code here 
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Question 7 [14 Marks] 


Submit a .c code file with your solution, and optionally a file of your planning material (image or PDF). 


Complete the definition of a C function called removeStringFromString(), whose prototype is 
shown below, that takes two parameters, a string str and another string substr, and returns a 
new string that contains a copy of str, but with all instances of substr removed. For example, the 
following code in the main function: 


char xs = "Hello World!”; 

const char xp = removeStringFromString(s, "1"); 
const char xq = removeStringFromString(s, "el”); 
printf("%s\n", p); 

printf("%s\n", q); 


would print: 


Heo Word! 
Hlo World! 


You must use recursion to solve this problem. 
Hint: You may wish to define your own helper function. 


const char *xremoveStringFromString(const char «str, const char x substr) { 
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Question 8 [14 Marks] 


Submit a .c code file with your solution, and optionally a file of your planning material (image or PDF). 


One way of sorting data for retrieval is to put it into groups within a range. To find something you 
go to the group with the right range, then do a linear search of the data in that group. We show an 


example in the figure below: 


100 250 


100 


673 


NULL 420 
NULL NULL 988 


NULL 


Here we have four groupings of non-negative numbers from 0 to 999. The first group is 0-100, 
the second from 101-250, the third from 251-400 and the last from 401 to 999. The value in each 
group shows the maximum allowed in that group, and each group carries on with values bigger 
than those that go in the previous group. So the second group carries on from the first (which only 
goes to 100) and goes to the maximum of that group which is 250. 


Note that duplicates are allowed, and that the list in each group is not sorted. We will only deal 
with non-negative numbers. What you are going to do is to take the starting code below and add 
two functions: 


e listNode *insertGNode(int value) that inserts value at the end of the list of the correct 
group, and returns a pointer to that new node or NULL if too big for any group. A reminder 
that duplicates are OK so you don’t have to check as to whether the node already exists. 
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e int foundGNode(int value) that returns the group index if value is in a node in some group, 
0 otherwise. 


You can test using the following environment. Do NOT include these in the .c file that you sub- 
mit. Your functions must work with other values of numberOfGroups and maxInGroup values in 
groups[]; the groups defined below are the same as in the figure. 


struct listNode { 
int value; 
struct listNode *nextNode; 


$ 


struct groupNode { 
int maxInGroup; 
struct listNode xfirstNode; 


3; 

const int numberOfGroups = 4; 

struct groupNode groups[] = { {10@, NULL}, {25@, NULL}, {40@, NULL}, {999, NULL} }; 

// Insert the value to the groups. Return NULL if the value is too large for any group. 


struct listNode xinsertGNode(int value) { 
// write your code here 


// see if 'value' exists in the groups. 
int foundGNode(int value) { 
// write your code here 
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Question 9 [14 Marks] 


Submit a .c code file with your solution, and optionally a file of your planning material (image or PDF). 


Imagine we have a sorted array of int-type integers, a, in the following form: 
a = {a1,42,...,@n-1, an} 


where a < a2 < ... < an_1 < ay. We now define the following array from the sorted array a: 


dq = {a1, aN, a2,aN-1,..-} 


In this array aq, the smallest item is followed by the greatest item, and then the second smallest 
item and the second greatest item, and so on. We call this special array a Decussate-sorted array. 
You are asked to write a function int *merge(int *size), which receives a series of Decussate- 
sorted arrays of different lengths from user input, and returns a single-dimensional array that 
merges them all together to one Decussate-sorted array. The merge() function has one parameter 
size, which is used to return the size of the merged array to the calling function. Your merge 
function is responsible for getting the array information from the user in the manner shown below. 


Note: Your implementation should have no memory leaks. In other words, any dynamically al- 
located memory that you use inside the function should be freed. The returned array from the 
merge() function will be freed by the calling function. 


Hint: You may use a sorting algorithm if that simplifies your solution. 
Here is an example main() function that can be used to test your work: 


int main(void) { 
int size; 


int *xmergedArray = merge(&size) ; 


printf("Result: ”); 

for (int i = ð; i < size; i ++) { 
printf("%d ", mergedArrayLi]); 

} 

printf("\n"); 


free(mergedArray) ; 
return Q; 


And here is an example run of this program: 


Please enter the number of arrays you have: 3 
Please enter the size of array number 1: 4 
Please enter the array number 1: 12 78 23 45 
Please enter the size of array number 2: 3 
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Please enter the array number 2: 10 28 14 
Please enter the size of array number 3: 5 
Please enter the array number 3: 17 48 22 36 25 
Result: 10 78 12 48 14 45 17 36 22 28 23 25 


int xmerge(int x*size) { 
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Question 10 [15 Marks] 


Submit a .c code file with your solution, and optionally a file of your planning material (image or PDF). 


Do not include the provided structure definitions in your .c file. 


The height of a binary search tree is defined as the number of levels between the root and the 
leaves of the tree (including the root, so a tree with a single node has height = 1). Given a binary 
search tree, write a C function called isTreeSkewed(), whose prototype is shown below, that takes 
a binary search tree as its first parameter, the number of top levels considered n as its second 
parameter, and returns a boolean value to indicate whether the tree is skewed in height or not. A 
binary search tree is skewed if the left and right subtrees of every node in the top n levels of the tree 
differ in height by greater than 2. 


For example, running the main() function provided to you in the sample code for this question, it 
will print the following: 


The tree contains (in ascending order): 123 467 8 9 15 18 30 31 32 
The tree is not skewed. 


typedef struct node { 

int data; 

struct node «left, *right; 
} Node; 


typedef struct bstree { 
Node xroot; 


} BSTree; 


bool isTreeSkewed(BSTree «tree, int n) { 
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Question 1 [1 Marks] 


Please answer this question by filling in your name below to verify that you will not cheat. Note 
that we will be using a code checker (as we did for the labs), monitoring online, reading emails 
from students that report cheating behaviour from others, and using other methods to protect our 
students who are writing this exam in good faith. 


Marks will be withheld from those students who do not get 1/1 on this question while we conduct 
a further investigation. 


I, , pledge upon my honour that I will not violate our Faculty’s Code 
of Behaviour on Academic Matters during this assessment by acting in any way that would consti- 
tute cheating, misrepresentation, or unfairness, including but not limited to, using unauthorized 
aids and assistance, impersonating another person, and committing plagiarism AND will not vi- 
olate the Code of Behaviour on Academic Matters by providing unauthorized aids and assistance 
or impersonating another person since doing so is also considered a serious academic offence. 


Question 2 [8 Marks] 


Short Answer Questions 
Submit these answers through an image or a PDF document, with question numbers and answers on it. 


Question 2(a) (2 marks) 


You have an array of string pointers, pInstrings[10], which must be pointed to input strings of 
unknown length from a user. The function getInstring() returns a pointer to the string, which 
you must copy into dynamically-allocated memory. Complete the for loop in the code segment 
below, which calls getInstring() and copies the returned string to a new memory location. As- 
sume that the string returned by getInstring() will persist until the next call to getInstring(). 


for(int i = ð; i < 10; i++) { 
// put code here to call getInstring(), copy returned string to 
// dynamically-allocated space, then assign the address to pInstringLi] 


Question 2(b) (2 marks) 


int q[7] = {@, 3, 6, 9, 12, 15, 18}; 
int xb = &q[3]; 
int **xa = &b; 


What is *(&(**a)+2)? 


(If it is an integer, specify the integer; if it is a pointer, specify what it points to; if it is an address, 
specify what is at that address.) 


Question 2(c) (2 marks) 


We want to count the number of the small letter 'e' that appear in a string. This program does not 
work for several reasons. Correct all the mistakes in this C program so it works correctly. Assume 
that the string library is available. 


void counte(string *instr) { 
for (int i = 1; i < strlen(instr); i++) { 
if (instr[i] = 'e') int count++; 


return count; 


Question 2(d) (2 marks) 


A user writes as part of a program: 


mammal tiger; 
tiger.numFeet = 4; 


Write a structure definition and any other statements that could be in place to make this compile 
correctly. You do not have to specify any include statements that include header files. 


Answer Question 2a: 
for(int i = ð; i < 10; i++) { 
char *xpStr = getInstring(); 
pInstringli] = strcpy((char x) malloc(strlen(pStr)+1), pStr); 


Answer Question 2b: 
An integer, = 15 


Answer Question 2c: 
int counte(char *instr) { 


int count; 
for (int i = 1; i < strlen(instr); i++) { 
if (instr[i] == 'e') { 
count++; 
} 


} 


return count; 


Answer Question 2d: 
typedef struct { 
char xname; 
char numFeet; 
} mammal; 


Question 3 [4 Marks] 
Multiple Choice Questions 


Submit these answers through an image or a PDF document, with question numbers and answers on it. 


Question 3(a) (1 mark) 


Assume that a binary search tree generated for the input sequence -33, 45, -19, 2234, -1100 is 
traversed in left subtree, right subtree, root order, and that the data is printed at each node. What 
is the sequence of numbers that would be produced? 


(a) -1100 -33 -19 45 2234 

(b) -33 45 -19 2234 -1100 

(c) -1100 -19 2234 45 -33 

(d) -33 -1100 45 -19 2234 

(e) 2234 45 -19 -33 -1100 
choice (c) 


Question 3(b) (2 marks) 


For which sorting method(s) studied in class are both of the following statements true? 
1. After N passes, exactly N values are known to be in their final positions. 


2. A total of exactly N-1 passes is required to complete the sort of N items. 


(a) Bubble and insertion sort 


) 
(b) Bubble sort only 
(c) Selection sort only 
) 


(d) Insertion and selection sort 


(e) Bubble and selection sort 


choice (c) 


Question 3(c) (1 mark) 


The following function is intended to define a recursive insertion sort algorithm that sorts the 
array A into ascending order. The recursive call is missing. 
void insertionSort(int list[], int size) { 
int i; 
if (size <= 1) { 
return; 


} 


/xxkxkx missing line **x*xxx/ 


for (i = size - 1; i; --i) { 
if (listLi] < list[i - 1]) { 
swap(&listLli], &list[i - 1]); 
} else { 
break; 


} 


What should replace the missing line so that the algorithm is correct? 


insertionSort(list + 1, size - 1); 


insertionSort(list, size); 


(d 


) 
) 

(c) insertionSort(list + 1, size); 
) insertionSort(list, size - 1); 
) 


(e) The recursive call should appear after the for loop 


choice (d) 


Question 4 [8 Marks] 


Submit a .c code file with your solution, and optionally a file of your planning material (image or PDF). 


For artificial intelligence (AI) that uses recently developed “neural network” techniques, layers of 
“neurons” pass their values, weighted by multipliers, into the next layers. Finding those weights 
is, of course, the more difficult and computationally intensive part, but once you have them the 
use is relatively simple array multiplication. 


Here we will work with two layers to do the last stages and to compute values for the output. 
For example, the output could be the likelihood that the inputs are from the picture of one of four 
animals: dog, cat, pig, beaver. This net will “recognize” which of these it is by choosing the output 
Here is a diagram that represents what we are doing: 


of highest value. 
| l 


inArray. 1x6 outArray. 1x4 


You will generate the function to perform the operation shown starting with the code below 
that includes the W1 and W2 weight arrays and that takes an input array. The input is one- 
dimensional, size 6. W1 and W2 are two-dimensional: W1 is 6 by 7. W2 is 7 by 4. The output is 
one-dimensional and of size 4. 


Note: To multiply a Nx1 array A, by an MxN array B, to get an Mx1 array C: 


CLO] 
C1] 


ACO] * B[@,@] + AL1] * BL@,1] + AL2] * B[0,2] + ... + A[N-1] * BL[@,N-1] 
ACO] * B[1,0] + AL1] * BL1,1] + AL2] * B[1,2] + ... + A[N-1] * B[1,N-1] 


CLM-1] = ACO] * BLM-1, ©] + AL1] * BLM-1, 1] + AL2] * BLM-1, 2]+ ... + ALN-1] * BLM-1, N-1] 


Here is 


the function to finish: 


#include <stdio.h> 


// this 
// puts 


function uses a one-dimensional input array of size 6, and 
values into the one-dimensional output array of size 4 


void performAI (double *inArray, double xoutArray) { 
// these are the weighting arrays as in the diagram 


double wi[6][7] = { 


{0. 
{0. 
{0. 
{0. 
{0. 
{0. 


double w2[7][4] = 


795279571, @.565454091, 0.569392801, @.649519912, 0.311228459, @.869033219, 0.963890145}, 
261182548, @.967901447, 0.015463096, 0.101966965, 0.454071297, 0.396147575, @.853833996}, 
976180547, ©. 762522649, 0.223067359, 0.120228416, @.710471648, 0.220771538, @.052876278}, 
173285965, @.795507616, 0.258332188, @.813302777, 0.528470338, @.885245811, 0.190564347}, 
14018923, @.324797853, 0.012649753, 0.928367252, 0.048519668, 0.321836138, ©. 360198988}, 
063248883, @.72395506, @.606492812, 0.435057638, 0.462896967, 0.12061378, 0.28806367}}; 


{0.036340161, 
{0. 786459022, 
{0. 996272492, 
{0. 254649714, 
{0. 587934606, 
{0. 709219708, 
{0. 743663242, 


. 702081192, @.406643568, 0.383400727}, 
627286192, @.190417846, 0.259622675}, 
115783107, @.922042574, 0.805576672}, 
818737484, @.23760355, 0.884876231}, 
566762923, 0.254228386, 0.735145224}, 
815306359, 0.395073347, 0.191438772}, 
Q 


969784133, 0.055612809, 0.992284824}}; 


See OO 80 8 Om 


// write your code here 


J; 


Here is an example use of the function. Do NOT include the main() function in your submitted file: 


double inData[] = {10, 11, 14, 51, 22, 24}; 
double outData[4]; 


performAI(inData, outData); 


This is a possibility for "your code” 
double midarray[7]; 


int 


isj 


F 


for(i=0;i<7;i++){ 
midarray[i] = 0.0; 
For (j=0; j<6; j++) { 
midarray[i] += 
} 
3 


for (i=0;1<4;i++){ 
outArrayLi] = 0.9; 
for (j=0; j<7; j++) { 
outArrayLi] += 


J 


inArray[j]»w1[j][i]; 


midarray[j]»w2[j][i]; 


Question 5 [8 Marks] 


Submit a .c code file with your solution, and optionally a file of your planning material (image or PDF). 


An integer with the type unsigned int has 32 bits, and stores values from 0 to 2°? — 1. Write a 
function unsigned int generateInt(int list[], int size), that takes a list of distinct integers 
valued from 0 to 31 as its first parameter, and the size of such a list as its second parameter, and 
returns an integer with the corresponding bits set as 1. 


For example, if the input list is the array [0, 3, 4, 9] witha size of 4, the function will return 
1000011001 in binary (base-2) form, as bit 0, bit 3, bit 4, and bit 9 (counting from the least significant 
bit on the right) are set to 1. The following main() function will print result = 219 as the result 
1000011001 is printed in hexadecimal form by using the format specifier %x: 


int main(void) { 
int list[] = {0, 3, 4, 9}; 


unsigned int result = generateInt(list, 4); 


printf("result = %x\n", result); 
return ð; 


unsigned int generateInt(int list[], int size) { 
// write your code here 
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// note that many will know or look up the shift << function 
// Shifting to the left by n bits 
unsigned int shiftLeft(int n) { 

unsigned int result = 1; 


for (int i = ð; i < n; i ++) { 
result *= 2; 


return result; 


unsigned int generateInt(int list[], int size) { 
unsigned int result = ð; 
int bitForInput; 


for(int i = ð; i < size; i++) { 
bitForInput = shiftLeft(listLi]); 
result = result + bitForInput; 


} 


return result; 
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Question 6 [14 Marks] 


Submit a .c code file with your solution, and optionally a file of your planning material (image or PDF). 


You are asked to implement a function void convert(char *input, char xoutput, int lineLength) 
to convert the long string input to a string to be placed in the character buffer output, so that each 
line contains as many words as possible, but is no longer than lineLength characters. The newline 
character, '\n', is used to separate the lines, and the convert() function should insert or remove 
newline characters where needed. The result of this conversion should not end a line or start a 
new line with a blank space (' '). 


You may assume that the output buffer output has sufficient space for the string after conversion, 
and that no single word in the input string is longer than lineLength. 


For example, if we use the following main() function: 


int main(void) { 
char *input = 
"I'd like to believe that this works just fine.\nBut then again it might not.\n”; 
char output[2048]; 


convert(input, output, 15); 
printf("%s\n", output); 


// Making all spaces visible by replacing them with 'X' 
for(int i = ð; i < strlen(output); i++) { 


if (output[i] == ' ') { 
outputLi] = 'X'; 
} 
} 
printf("%s\n", output); 
return Q; 


It will produce the following result: 


I'd like to 
believe that 
this works just 
fine. 


But then again 
it might not. 


I'dXlikeXto 
believeXthat 
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thisXworksXjust 
fine. 


ButXthenXagain 
itXmightXnot. 


void convert(char *input, char xoutput, int lineLength) { 
// write your code here 
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void convert(char *input, char xoutput, int lineLength) { 
// write your code here 
char *xpInput, *pOutput , xpThisWord; 


pInput = input; 
pOutput = output; 
pThisWord = pInput; 
int charCount = Q; 
int lineCount = Q; 


while(1){ 
switch(«pInput) { 
case '\Q': 
xpOutput = '\Q'; 
return; 
case ' ': //blank. Haven't hit end of input, transfer last word 
while(pThisWord != pInput){ 
lineCount++; 
xpOutput++ = xpThisWord++; 
} 
pInput++; 


if(charCount > lineLength) {//must output at previous word 
xpOutputt++ = '\n'; 
charCount = Q; 
lineCount=0; 
while(*pInput == ' ') pInput++; //skip leading blanks 

} 

else 
charCount++; 

break; 

case '\n': //newline 

while(pThisWord != pInput){ 
xpOutputt+ = xpThisWordt++; 

} 

xpOutput+t= xpInput++; //put in newline 

charCount=0; 

lineCount=0; 

break; 

default: //other character 

pInput++; //go to next character 

charCount++; 

if¢(charCount > lineLength) {//must output at previous word 
xpOutputt++ = '\n'; 
charCount = charCount - lineCount; 
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lineCount=0; 


while(xpThisWord == ' '){ //skip blanks before next word 
charCount--; 
pT hisWord++; 
} 
} 
break; 
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Question 7 [14 Marks] 


Submit a .c code file with your solution, and optionally a file of your planning material (image or PDF). 


Complete the definition of a C function called removeStringFromString(), whose prototype is 
shown below, that takes two parameters, a string str and another string substr, and returns a 
new string that contains a copy of str, but with all instances of substr removed. For example, the 
following code in the main function: 


char xs = "Hello World!”; 

const char xp = removeStringFromString(s, "1"); 
const char xq = removeStringFromString(s, "el”); 
printf("%s\n", p); 

printf("%s\n", q); 


would print: 


Heo Word! 
Hlo World! 


You must use recursion to solve this problem. 
Hint: You may wish to define your own helper function. 


Solution: 


void removeStringFromStringHelper(char *str, int start, const char xsubstr) { 
if (str[start] == '\0') { 
return; 
} else if (strncmp(str + start, substr, strlen(substr)) == 0) { 
for (int i = start; i < strlen(str); i++) { 
str[i] = str[i + strlen(substr)]; 


} 
removeStringFromStringHelper(str, start, substr); 
} else { 
removeStringFromStringHelper(str, start + 1, substr); 
} 
} 


const char xremoveStringFromString(const char *str, const char * substr) { 
char xs = malloc(sizeof(char) * (strlen(str) + 1)); 
strcepy(s, str); 


removeStringFromStringHelper(s, 0, substr); 


return sS; 


} 
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Question 8 [14 Marks] 


Submit a .c code file with your solution, and optionally a file of your planning material (image or PDF). 


One way of sorting data for retrieval is to put it into groups within a range. To find something you 
go to the group with the right range, then do a linear search of the data in that group. We show an 


example in the figure below: 


100 250 


100 


673 


NULL 420 
NULL NULL 988 


NULL 


Here we have four groupings of non-negative numbers from 0 to 999. The first group is 0-100, 
the second from 101-250, the third from 251-400 and the last from 401 to 999. The value in each 
group shows the maximum allowed in that group, and each group carries on with values bigger 
than those that go in the previous group. So the second group carries on from the first (which only 
goes to 100) and goes to the maximum of that group which is 250. 


Note that duplicates are allowed, and that the list in each group is not sorted. We will only deal 
with non-negative numbers. What you are going to do is to take the starting code below and add 
two functions: 


e listNode *insertGNode(int value) that inserts value at the end of the list of the correct 
group, and returns a pointer to that new node or NULL if too big for any group. A reminder 
that duplicates are OK so you don’t have to check as to whether the node already exists. 
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e int foundGNode(int value) that returns the group index if value is in a node in some group, 
0 otherwise. 


You can test using the following environment. Do NOT include these in the .c file that you sub- 
mit. Your functions must work with other values of numberOfGroups and maxInGroup values in 
groups[]; the groups defined below are the same as in the figure. 


struct listNode { 
int value; 
struct listNode *nextNode; 


$ 


struct groupNode { 
int maxInGroup; 
struct listNode xfirstNode; 


3; 

const int numberOfGroups = 4; 

struct groupNode groups[] = { {10@, NULL}, {25@, NULL}, {40@, NULL}, {999, NULL} }; 

// Insert the value to the groups. Return NULL if the value is too large for any group. 


struct listNode xinsertGNode(int value) { 
// write your code here 


// see if 'value' exists in the groups. 
int foundGNode(int value) { 
// write your code here 
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%% SOLUTION TO GROUPING LINKED LIST QUESTION 
// put value in groups. Duplicates are OK. Return NULL if value too big for any group 
struct listNode *insertGNode(int value) { 

int gIndex; 

struct listNode xplistNodes, *pTemp; 


gIndex=0; 
while(value>groups[gIndex].maxingroup) { 
gIndex++; 
if(gIndex >= numberOfGroups) return NULL; 
J; 
plistNodes = (struct listNodex)malloc(sizeof(struct listNode)); 
pTemp=groups[gIndex].firstNode; 
groups[gIndex].firstNode = plistNodes; 
plistNodes->nextNode = pTemp; 
plistNodes->value = value; 
return plistNodes; 


// see if value exists in groups. Return 1 if so, @ if not. 
int foundGNode(int value) { 

int gIndex=0; 

struct listNode xplistNodes; 


while(value > groups[gIndex].maxingroup) { 
// printf("val f=%d\n", groups[gIndex].maxingroup); //debug 
gIndex++; 
if(gIndex >= numberOfGroups) return @; //not found if doesn't fit 
} 
// printf ("group=%d_ val=%d\n” , gIndex, groups[gIndex].maxingroup); //debug 
plistNodes = groupsLgIndex].firstNode; 
while(plistNodes != NULL) { 
int tval=(plistNodes->value) ; 
if((plistNodes->value) == value) 
return 1; //found 
plistNodes = plistNodes->nextNode; 


} 
return @; //hit the null. Done 


Question 9 [14 Marks] 


Submit a .c code file with your solution, and optionally a file of your planning material (image or PDF). 
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Imagine we have a sorted array of int-type integers, a, in the following form: 
a = {a1,42,...,@n-1, an} 


where a < ag < ... < an_1 < ay. We now define the following array from the sorted array a: 


dq = {a1, aN, A2,aN-1,...} 


In this array aq, the smallest item is followed by the greatest item, and then the second smallest 
item and the second greatest item, and so on. We call this special array a Decussate-sorted array. 
You are asked to write a function int *merge(int *size), which receives a series of Decussate- 
sorted arrays of different lengths from user input, and returns a single-dimensional array that 
merges them all together to one Decussate-sorted array. The merge() function has one parameter 
size, which is used to return the size of the merged array to the calling function. Your merge 
function is responsible for getting the array information from the user in the manner shown below. 


Note: Your implementation should have no memory leaks. In other words, any dynamically al- 
located memory that you use inside the function should be freed. The returned array from the 
merge() function will be freed by the calling function. 


Hint: You may use a sorting algorithm if that simplifies your solution. 


Here is an example main() function that can be used to test your work: 


int main(void) { 
int size; 


int *xmergedArray = merge(&size) ; 


printf("Result: ”); 

for (int i = ð; i < size; i ++) { 
printf("%d ", mergedArrayLi]); 

} 

printf("\n"); 


free(mergedArray) ; 
return Q; 


And here is an example run of this program: 


Please enter the number of arrays you have: 3 
Please enter the size of array number 1: 4 
Please enter the array number 1: 12 78 23 45 
Please enter the size of array number 2: 3 
Please enter the array number 2: 10 28 14 
Please enter the size of array number 3: 5 
Please enter the array number 3: 17 48 22 36 25 
Result: 10 78 12 48 14 45 17 36 22 28 23 25 
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int xmerge(int xsize) { 
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void swap(int *xp, int *yp) { 


int temp = *xp; 
*Xp = *yp; 
xyp = temp; 


void bubbleSort(int arr[], int n) { 


int 


int i, j; 
for (i = @; i <n- 1; i++) 
for (j = @; j <n-i- 1; j++) 
if (arr[j] > arr[j + 1]) 
swap(&arrlj], &arr[j + 1]); 


xmerge(int xsize) { 

int count; 

printf("Please enter the total number of Decussate-sorted arrays: "); 
scanf ("%d”, &count) ; 


int *xxallArrays = (int xx) malloc(sizeof(int x) * count); 
int xsizes = (int *) malloc(sizeof(int) * count); 
int i, j; 


int totalArraySize = Q; 


for (i = @ ; i < count; i++) { 
int curSize; 
printf("Please enter the size of array number %d: ”, i + 1); 
scanf("%d", &curSize); 


allArraysli] = (int x) malloc(sizeof(int) * curSize); 


printf("Please enter the array number %d: ", i + 1); 
totalArraySize += curSize; 
sizes[i] = curSize; 
for(j = ð; j < curSize; j++) 
scanf("%d", &allArrays[i][j]); 


xsize = totalArraySize; 
int xmergedArray = (int x) malloc(sizeof(int) * totalArraySize); 


int xdecussateArray = (int *) malloc(sizeof(int) * totalArraySize); 
int counter = Q; 
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for(i = ð; i < count; i++) { 
for(j = 0; j < sizesLi]; j++) { 
mergedArrayLcounter] = allArraysLil[j]; 
counter++; 


} 
bubbleSort(mergedArray, totalArraySize); 


i = Qð; 
for(int low = @, high = totalArraySize - 1; low <= high; low++, high--) { 
if(low < high) { 
decussateArrayLi] = mergedArrayLlow]; 


? 


decussateArrayLi] = mergedArrayLhigh]; 


i++; 
y else { 
decussateArray[i] = mergedArray[low]; 
} 
} 
for (i = @ ; i < count; i++) { 
free(allArraysLi]); 
} 
free(allArrays) ; 
free(mergedArray) ; 


return decussateArray; 
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Question 10 [15 Marks] 


Submit a .c code file with your solution, and optionally a file of your planning material (image or PDF). 


Do not include the provided structure definitions in your .c file. 


The height of a binary search tree is defined as the number of levels between the root and the 
leaves of the tree (including the root, so a tree with a single node has height = 1). Given a binary 
search tree, write a C function called isTreeSkewed(), whose prototype is shown below, that takes 
a binary search tree as its first parameter, the number of top levels considered n as its second 
parameter, and returns a boolean value to indicate whether the tree is skewed in height or not. A 
binary search tree is skewed if the left and right subtrees of every node in the top n levels of the tree 
differ in height by greater than 2. 


For example, running the main() function provided to you in the sample code for this question, it 
will print the following: 


The tree contains (in ascending order): 123 467 8 9 15 18 30 31 32 
The tree is not skewed. 


Solution: 


/x returns maximum of two integers */ 
int max(int a, int b) { 
return (a >= b) ? a: b; 


int height(Node *node) { 
if (node == NULL) { 
return ð; 
} else { 
return 1 + max(height(node->left), height(node->right)); 
} 


bool isTreeSkewedHelper(Node *node, int n) { 
if (n == @) { 
return false; 


} 


printf("height left = %d\n”, height(node->left)) ; 
printf("height right = %d\n", height(node->right)); 


if (abs(height(node->left) - height(node->right)) > 2 && n == 1) { 
printf("Returning true. n = %d.\n", n); 
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return true; 

} else { 

return isTreeSkewedHelper(node->left, n - 1) && 
isTreeSkewedHelper(node->right, n - 1); 


bool isTreeSkewed(BSTree *tree, int n) { 
return isTreeSkewedHelper(tree->root, n); 
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